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= (54) Title: PROCESS FOR PRODUCING OPTICALLY ACTIVE ALCOHOL AND CARBOXYLIC ACID 

(57) Abstract: A low-cost and efficient industrial process for producing (S)-2-pentanol, (S)-2-hexanol, 1-methylalkylmalonic acid 
and 3-methylcarboxylic acid with high optical purity. There is provided a process for producing (S)-2-pentanol and (S)-2-hexanol, 
comprising causing a certain type of microbe or transformed cells, a treatment mixture from the microbe or cells, a culture solution of 
the microbe or cells and/or a product of crude purification or purification of a carbonyl reductase fraction obtained from the microbe 
£^ or cells to act on 2-pentanone and 2-hexanone, respectively. 
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ft^flHiSrWI-S T)V-=L—)VBt33>-tt /v^m<owt^^ 

rpmfcmWb Utli±fffl^ft^ilt?fe§ (S) -2-<y^y^Xtt (S) - 

(s) -2— /K£te (s) — /v^Mit-rs^iSfe^Mi-So 

(s) -2— y — 7Vfc^>VN^ (s) -2-^^f-/ — /v^b^fr^-Mit-t-S 

:£tfc£ b-C^, #!];L»\ 2-^;«U!)T^ F7^^/Va/7^ h 
y^^^^TV K y ^^T^jfiTn^ff 5 ^Ife ( J - Am. Chem. S 
oc. Vol. 123, p. 5956-5961. 2001) Xfe, 2-^=^f- 
/V^UJte^tt^o V£JEl^Tag5ni-5:£fe(#PS¥l 1-2 4 O 8 9 4 -^£r 

#S:4fefifei-5*«fe^ftie>tbTV^«dS (#Hfl?pl 0-4 9 9 8 
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»2— =¥1^7 t X 9$^-r53?&(T e t r a h e d 

r o n : A s y mm e t r y , vol. 14, p. 2659 — 2681, 20 

o 3) &frbfox^z&§imm<Dy£^mmjLn&mmm$m&<D\<^< totfttft 

^<^tfi^#:^ Lttl^%1?fe5 (flil&fcf, iMIOO/2 4 3 5 8 

RTfg^^^tt 3-7 ^/w^^g^t^^Stt 3-7 ^/w^:/7 yftt, 7" 

2-265279 £r#Hg 0 )o 

^S^^$^TVN§ (J . Am. Chem. Soc, 1950, 72, 4 6 9 5 ) Q 

^zt\<^wmzMmts:jrm$:m^x$5Vs ^td^&sfc&^sjs^J/B-t? 

«$lteVN<0^b^TV^ J- Am. Chem. Soc, 195 

0 , 7 2, 4 6 9 5, IkXFN ouveau Journal de Chime, 
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1 9 8 5, 9, 5 5 7£#{ROo U*>U Wf ttfeRra'J^CDSil^^^ — 

ffiiinst\ ^oissta (i8 o°o srie&sfc-rsrfc^fc, it^^itiii 

($JxJ3\ J . Am. Chem. S o c . , 1993, 115, 801^ 

mm 0 ) ^ a^^Tipm-rs^fe (#yx.te\ org. Lett., 2002, 
4,157 i%0m o ) ft^mwvmnizmjfc'zsMfrmui'tckz.z, v^i**l©» 

mmRfo &i&mt-r & ^m* , tm -etstiDi-ct^toif 

— ^.mm^xi 00-15 oriiS©m^S/S^5m^k;ftTv^#l 

;U3\ J. Org. Chem., 1983, 48, 2994 £r#flg„) ^ N ^^gj 
ft o *C V N ft o fc D 

$fe M*.t£> i^lilO 0/2 4 3 5 8f^7Uj' h^0M) tftobtlX^ 

yf;Wny«i^T/W^lt LT«, ^ 1 , 4 -#^JP^^^i-5^ 
ife (09*.f£, Tetrahedron Asym., 2001, 12, 1151?: 
mm) &tnt>tlX\/^Z>&s +ftteft^m&timbfrlts:^fc& (Mc±5 0%e e), 

mm^xn^\ 

— ^ ^fc^tt 1 - ^ ^/KT/i^/w c. ^ <fc 5 33ta£Jgtt 3 - * f- 
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o^n b>-i^^ft:fc^5^rtft»^<D#iPRlS (08*.fc£, He 1 v. Chi 
m. Acta., 1985, 68, 2 125r#J& 0 ) £>*l/rv^5 0 L^U - 

V\, 7-fe^{b^^7fe^f'J #PBS6 2-2 6 5 2 7 9 

0%U36*ffit^-e#J&V^fc4e>, S6*^S<^ %*©S£ftV*3fc#B11©fb^4fc&ail 

*H#fF^ 5 1 3 6 0 2 0f, &t^T etrahedron, 1977, 33, 
2 8 9 £#J1 0 ) feftJib^Tl^^ ^p^o^WirfeS^co^S^feofco 
£fc, Tfe^'ftl -^^/V^/Wn^O#^J^feS^ (j. Am. Ch 
em. Soc, 1 9 5 0, 7 2, 4 6 9 5^i 0 )^ 7n^kii<^n^ 

7 o% e e@jt 

§^^^V^^S§r#o^?§t4l -^/vyf/wnygliS®^ 

$ ^ ^fe^^tt 1 — ^ f-jV^f^/V^r n (Nouveau Journ 

al de Chime, 1985, 9, 5 5 7 £#Mo ) , mi\Z.1fyM\&MX 
^^/V^fhfcJt^Wi^l— ^^/V7°n tVwnyi (J. Am. C h e m. So 
c, 1980, 102, 7 3 44M 0 ) bttTV^o L£>U 

KJt^^^xmU ( l 8 o°c) ^^Sii-^ri:, =^ ha s Bi< 
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&&W<DB&)te. <£«9^&fi£tf>iSiV> (S) -2-^.ls?y— ^fcSVMS (s) - 
/K b < W3te3Mlfia? 9 9 . 0%e. e. J^_L<D (S) -2-^V 

^y-A<fc5VMi (S) ^-^^ty^HrllMUciff, gcffifciSBtt^S 

(Brettanomyces) JRfc if KUR^S h^U^W^M^M^^ - £ «fc 5 „ 2-^^ 
$ J >'feSV^(±2-^^rf-y tt (S)-2-^^*y — A-fc3VM2 (S) 

-2^^y— ^SrffiffiK:, ^<4j5lt§r £25-C#5^££rjLfcHLfc„ £ 
kfcs _L1B»&«><E>— Oi Lt'ftf-xy^T (Issatchenkia) 2- 

-<^y yx(4 2^fy v&sStgLT (s) -2-^y^y-;vxi4 (s) -2- 

i 2-^^ y v^(4 2-^-r y ^teftMB r £ \z. «t 9 N i^v^^ 
«^o^m^-t?@^ (s) ^-^o-^y^wfe^W: (s) -2— — 

brnm-tzzk-v. mi<^^mfe%mw^t£*&mmfcj&&ft?z.b&x*%^ # 
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4fc^b< w:*Bjfa*ff*^ wAii, k»^4Sj*u< raftna^feWbtT/S^^ 
-2^; — /usrSBs-r 5 tb o r . mm^^ u < «^ jtteifefl:j»ij&*s , 

e. ^_h£>3fe^|JE^O (S) -2-^^;^4jtt5-i^t^, fro%:<D 

-^^*®^aftM^u<^»^, 2^^/>-^ffl§^ (s) 
- 2 — ^-7- y — /v&isBt-f- &> o t N l- < teftmmmvfmm& > 

£ ;5M*M£rLftV^0#:£r 2-^^rf-y ^{^ffl £^fc i: # 9 5 % e . 
e. ^JkD^#«(D (S) -2^t;-/^4^t5ri^l?t, 7>o^O 

4»img (s) -2-^*-y-;—>v/ gt&mmfcMA/ti?m »±^5r 
(3) 2-^y^y^X»2-A^fyy|:, is s J x 

(Brettanomyces) 1, =¥-Y >"?*>f & (Candida) fr^TT (Hortaea) I, A 
■y-^xul/ZcT (Issatchenkia) PyTt 3 ^^^ (Lodderorayces) I, t 0;3 r 

T (Pichia) I, n Kh^7 (Rhodotorula) 1^ T/^^ & # — (Arthrobacter) 
% :/ 1/ tf ^ ^ 7^ y !7 A (Brevibacterium) JS . ^/^W^^P^.^ 
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(Crutobacterium) 1, ffHr^^-f^Ts (Geobacillus) |, ^^u^^T])^^ 
(Microbacterium) Ms Or 9 vs<# h *7 A (Ochrobactrum) I, /^7 a 5'*^ 
(Paracoccus) I, ]} V tf # A (Rhizobium) Ms n K = y # (Rhodococcus) JR^fe 

-it, (S) -2^y^;-^XIl (s) -2-^=¥f-y— /i^^S^S^fctrflSH* 
ti~SSl3fe^*B^ (s) -2--<^^y — /Ksm (s) /KD3R3fcfer 

(4) yxii2-^^rty yt, r/uy*/^>r-fe;* 

(Brettanomyces) Ms ^rtyfV^ (Candida) 1, JfcA^T (Hortaea) Ms -f 
ff xy^rT (Issatchenkia) 1, nyfn^^ (Lodderomyces) I, if^r 
T (Pichia) I % u F (Rhodotorula) T/K* U s*<? # — (Arthrobacter) 

Ms ^U\f/<^TV^J^ (Brevibacterium) JR „ ^ ;H 7 D !)A 

(Crutobacterium) Ms (Geobacillus) I, 

(Microbacterium) Ms tirPw^Ph^J* (Ochrobactrum) Ms ^ 9 = y # * 
(Paracoccus) Ms U >^ tT 9 & (Rhizobium) Ms & K 3 y^^ (Rhodococcus) M^ E> 

iMtt^M^k tt#WI&*&**, 2fctf/XW:, » 

(s) -2-^y^y-^X(i (s) -2-^^/— />Sr^S*5i £ £r#tt£ 
i-«i«3te^3W* (S) -2—<^^y-/VX(* (S) -2-^^ / -7U(DM^m o 

(5) $te4^s ^ / -^^Tir^ • ^/V^-tr vs (Brettanomyces 
bruxellensis) , ~f U y % J irX • 7/^7^ (Brettanomyces anomalus) „ = 3 r 
Y>"f<< & ' ~7T-? — $ (Candida famata), ^V*/ 1 ? 4 ? • 9 (Candida 
krusei) % =*r -Y l/*f 4 ^ * T/l' b — f" (Candida maltosa) % * ^ 4 # ' h n t° 
*M (Candida tropicalis) % ^^yr^'tVyNr^ (Candida 
zeylanoides) N aJvl^T ' & a /V^y^ (Hortaea werneckii) N -f f^xy^rT • 
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9 (Issatchenkia scutulata), o yJ*W^>{±X • l^^^^y 
X (LodderomyceselongisporusK tf^T'jy^^ (Pichia angusta) x \?*cT • 
^y-fc^f (Pichia besseyih ¥*cT - 3) ? Y7 4 7 (Pichia cactophila) s f^r 
T • -fe^tf^V-S/^ (Pichia segobiensis) N t°^T • ^"Vl^^-7^ (Pichia 
spartinaeh t°^7 • fW%P7^7 (Pichia trehalophila) „ n K • 5 

^ (Rhodotorula minuta) % T SV?.X2s<tr & —- • ^"^i^^ V^. (Arthrobacter 
oxydans) , T/l^X n/^^ ^ — • ]} $ n ^E- Sf^. ^ (Arthrobacter polychromogenes) \ 
T ;V^n/^^ • (Arthrobacter sp. ) „ WP 

!7 (Arthrobacter sulfurous) , -? \s V * 9 *r D «7 A • zf # ~ % A 
(Brevibacterium butanicura) N f/^f!) !)A • 77^3-^77 ^ > ^ 

(Curtobacterium flaccumfaciens) , & Hr As • 

(Geobacillus stearothermophilus) , ^p/^tU 7-^ • ^"7^ / Df 
(Microbacterium keratanolyticum) „ % ? xi s< ? T V V A - •*)- ^< ;V<? ^ 
(Microbacterium saperdae) N 5. ? V <7 A -re ^ (Microbacterium sp. ) , 

$ J? u/^^f !J 7^ • 7 1 - ^ ^"fe *7 A (Microbacterium testaceum) N P^f7 
A . 7 y f n t" — (Ochrobactrum anthropi) % $-?vs<?h9A'^^\l° — 
(Ochrobactrum sp. ) (i/^.— F^i - ^ * V (Pseudomonas ovalis)) N s<7 =* 
y # • -7*— h !J 7 -i # (Pracoccus denitrif icans) N V ✓ If A • 7 S?:*v* 
^ ^ — (Rhizobium radiobacter) n F =« y 7J * • ^ * tf— (Rhodococcus 

sp. ) ( a JJ ^ f U 7 A • /\-f Kp^^I^ 7 ^ & A (Corynebacterium 
hydrocarboclastum) )^fcft5#±9 t^ttit^i: 
IE (3) Xtt (4) KHB4fc©«3&*"«feo 
(6) 2--<y^/yXft2^t/^ TIB (A) ~ (F) (D<*ttnfr<Dr> 

(S) -2— O^y-WXte (S) -2— 3MfV — 
&£-T5i*3te^*fi£ (s) -2-^^*/— /Ksm (s) as<dW£ 
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(A)iH^j#-^itciam^r ^ ynmm%^-rz>9i/'*9m%^— ki-&dna 0 
(O ia#J#-§- 1 MSB$fe<z>T s y sfcs^o £ 5 0 %&±<on^^ir^T ^sn 

Z>&>s<?M%zx — KtSDNA, 
(D) BB^J##2 tdSE«t©j£3Effi2?aSr^i-SDNA 0 

(e) m^m-^2Kmw.<Dm.mmm^^^x, 1 d^tti@©si^^^> ##n 
( f ) m$m^ 2 fciE^o^siB^i * tc ^(D^mmm txhv^&^h 

a, ^ —/v&G-tftfr % Ifct) % 9 1"* 9 W & = - Ki~ ^ i&Xia?U & s d n 

A 0 

(7) TWB-^ (1) 

ri4v c ° 2H 

C0 2 H ( ! ) 

^^^S^^ttSr^Ti-S (R) X» (S) - 1 -^^T/V^r/^o^m^ 
b-TZs T1E-fl£5£ (5) 

R 1 4^ C °2 H (5) 

xm&nZ (R) X» (S) - 3 ^/^/UaJ?>'ife©3K3&*'J5feo 

(8) TffE-^ (2) 
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OH (2) 

R 1 It^if 3 ~ 5 ©T/V'^^S^^ t , *fe7f : &$im%^o) 
— $!5£ (3) 

X (3) 

^£fr53te^^&fb^3r#fc^ *»#£et> — JKS: (9) 

r R2 

R 3 (9) 

/m^-to ZZX\ R 2 iR 3 f4-#:i^ottt«MMtT'bJ:V\) 
^£fr5&m^£0£SJ&£ii\ TIB— (4) 

r 3 ( 4 ) 

tt^tiS^^ttMi bfc^ M*ftM-f b~tZ> TIB— 

(1) 

r1 4y-co 2 h 

C0 2 H ( X ) 

-«£tL3 (R) Xfi (S) - 1 -*^/VT;V*/V^u>m(Dm&-%feo 
(9) TWB-« (1) 

r i4yCo 2 h 

C0 2 H (!) 
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T^$tL5^fiS«t^9 0%e ej^±t'&5 (R) - l-^f;V7/^;wny 
Xte^ (S) -l-^f/VTM/wnyi, 

(9) idfE*(D (R) -l-^f/W^By^ Xte, (S) 

(11) 2-^y^yyt5Stt (s) -2— ops — A'&&j£r58H43r^ 

^^J;5tfF^a^U^V^^#:^2-^>'^y ^ff^|§£i4:7h£i^ 9 5%e. 
e. J^JKD^fe^^O (S) -2--0-^/— ^o^rcO 

swiomg (s) -2-^0? y-su/ g&mmfcmA/mm £i±^&% 

Mil, »»^U<««±«^, RXF/Jtn, f«^^b<fi«^fe 

tf^l£i§r. (s) -2-^y^y-;^iim #btbfc (S) -2-^<^# 
% s x/v&^MkffltRfoZ&ZZ-kte&v), TIB— jR^C (6) 

* (6) 

(12) 2-^fyy^)&tt (s) -/^^^-r^m^m 

^{Cj;5H>r^a^U^V^ffif*^2-^ : 3fi?-/ l/fcftm&lfttb 9 5%e. 

e. SX±(Dtftmm^(D (S) -2-^^r^/-/V^^i-S r £^Tril\ ^o^cD 
MUOmg (S) -2-— drf-y-^/g^^M*/^^ U-t~?foZ> 



li 



WO 2005/075651 PCT/JP2005/002093 

i^m^, (s) -2-— ^/-/w^i^mu #ib*wt (s) -2-— 7V 

* (6) 

(13) #e>ttfc— jks: (6) x?!t£;h,&^7&l£#:^ i&K#£tT^ — jRsS 

(9) 

R 3 (9) 

-C^&ft5^m#^aJi:RJS£i^ Tffi-^ (7) 

^J^R 2 

R 3 (7) 

2) fcMfe<D#ife„ 

(14) (11) Xf2 (12) ^IBigs^ife^J; j&5£ (6) T?^ 
£;h,5ft«H!t=#&. i&X^&T, -$« (9) 



(9) 
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tib-^ (7) 

^i^R 2 

R 3 (7) 

# ttfc^^tt^^#)^An7K^f-r 3 r £ <t 5 TIB-AM ( 8 ) 

r4 X^co 2 h 

C0 2 H ( 8 ) 

X^&frlZ (R) - 1 -^/K/^Vl^n^Xte: (R) 

vDVi(:»5r i"^ (R) - 1 —tf-fls-f^-As-rxi l/WXJfr 

( R ) - 1 - * ^;\"<i/<?-/w u -y&t<DW£%feo 

(15) _hfB (11) yj& (12) Km^^mKX 0 #£>*bfc— jR5£ (6) 
■e^^tbS^fiUft^Srs *&£#£T> (9) 

r R2 

R 3 (9) 

^3*L5&*jfc#3W£S&£it\ TfS-^ (7) 

R 3 (7) 

(5^ R 2 SlFR 3 f»fBi:III^-trfeSo R 4 f£n-"7°n fcWgXttn -^/P 

13 



WO 2005/075651 PCT/JP2005/002093 

# h tutyt^mmt&to &M*&mir z^t^xv ria— «ss; ( 8 ) 

R4 Jk^C0 2 H 

C0 2 H ( 8 ) 

-«£tl<5 (R) -l-^/^f/WnylXIJ (R) - l-j^/WO"^ 

$fe^#^ftfc (R) -l-^f;^f;wnyix(i (R) -l-p<^vw< 
yf/wayiMit5i^#ftt6, (R) - 3 - ^/w^Mf- ^SfeX 
« (R) -3-^^/^^^lfe©iSi5t^o 

|§ H3 £ »i~ § fc ^ (D^(D^m 

*5§I^K:£3 (S) -2-^* (S) -2-^=¥-^y — 

(C^S^ S (S) -2--<^^y— /V (Xte (S) -2-^^rf-/-/V) SrSit-r?) 

^H^^2— ^ (Xf*2-— ^^/^) ^jtffl^^:fci:#^, 9 5%e. 
e. WJ^zft^MJgO (S) -2-^i/^/~/V (Xfi (S) - 2 — ^/ — /W) 
Sr^i-^.^ btf-VZ, f)>-D^(D^M& 1 mg (S) -2-^V^/— /V (XI* 
Xf3 (S) -2-^M*V-/V) /gWit/ll ^JnTfeS^^tt 
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t^K, 9 5%e. e. ^Jh©3fc^*Bfl£0 (S) -2-O^y— A- (Xt* (S) - 
2-^^/— /v) ^tSwiTO, M©4»lmg (S) -2- 

-o-^y-A- (xtt (s) -2-^.^i^y-/v) / g ftj*0ftt*/i#M e^Jit? 

q^^Stt-5»^4**feW:^W<^fr*Wte%ffiV^ (S) -2-^^y 
— /vXte (s) - 2— — /^aSafcfrifcW:, 

^•TS (S) -2— <i/^y — AXJ2. (S) -2 — ^t/-;KD)feMfj:9 
5%e. e. £A±-e&tll-££\s^K Ull<ii9 8%e. e. <9 , tS b 

L<tt9 9°/oe. e . EJLbT*fc3 0 

*fc, (S) -2^<y^/-^OV^©£itt«:, lmg (S)-2-^^/ 
— /v/ g HQ g*_LT?;fc*U*J:v^s N &IK(i2mg (S) - 

2— y -/v/ g m^mi^m-m/mm &±-r?& v.tsh ussmg 

(S) -2-<^^/-/^/ / g|&#^#:fi*/ / ^W £JUn?*>»K *e>m«F*b< 

ttiomg (s) g&mnfcmm/mm 

^K»2 0mg (S) -2^^*y— Av'gffc^ftM^ME SUiT?*) 

•So 

tfc, (S) -2-— — /W£Ol^TcE>£jg'|4te N lmg (S) -2— 3r1*V 

^/gWMI/^11 K±-(f*>^H:j:v>)JJ, 0*L<f±2mg (S) - 
2 — ^rf-/ - A-/ g mmftMA/ftto J^±t?fc 5 > £ Kli5mg 
(S) -2-^^f-y-7l^/g^0^:S*/^ EUn?ife»K £«b«?l£L< 
«10mg (S) -2-^^f-y-/I-/g|i!^0#:a*/ / ^ «9 , £ 
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w£ Uft20mg ( s ) - 2 * -f- / —)v/ g m$mwmm/mM &±x* 

foO, ^t|ftl<tt5 0mg (S) y-Vg^Wlf/it 
tig J^Ji^fc^ #(^L<lil OOmg (S) -2-^t/-;i-/g^JiI 

^BJ(D (S) -2-^>"^/— /K£f3 (S) -2-— — /l^t^^fjfecD— 

(S) -2-^v^/— /wxtt (s) -2 — — A'Sr^Rfc-rs^^dS'CtSBP 

£$!l5£1-5^fcoTte, ft^^SIi ttiv^^^^ 

#=/H^f ft^fti Lti*, 2-^>-^y ^X«2-^=^i?-y ^-^RBfe-f, 
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#!]xJ:£ N rf\/y& J -vfteX (Brettanomyces) JR N ^rf ^fV^ (Candida) 
I, */^7 (Hortaea) Ms -f tf iV^T (Issatchenkia) Inyfn^t 
JX (Lodderomyces) I, t^T (Pichia) JS, nF^7 (Rhodotorula) 1, T 
/l/^ n ^ ^ — (Arthrobacter) Jg N :/ Hf/^^ V !7 (Brevibacterium) JpL 9 
/Ish/^frV VJ* (Crutobacterium) JS, tfHrs*f~tV* (Geobacillus)Ss ^ ^ 
^•7^ y !>A (Microbacterium)Ms t^P^^ (Ochrobactrum) I, =i 

(Paracoccus) I, y y if 17 -A (Rhizobium) Ms n K =* y # * (Rhodococcus) 
M^ibftSSfJ; t)SWf^Sl»fe^ &*L< (Issatchenkia) 

(Issatchenkia) Ift^LT}^ A ih^ji^^T • ^^7^-=u 
=7 — 9 ^M.^ 9 ^ — 9 (Issatchankia scutulata var. scutulata) #S#r 

3.^ — ^ (Issatchankia scutulata var. scutulata) J CM 1 8 2 8 

(Japan Collection of Microorganism (J CM)) £ «9 "5Jlts 

2— (S) -2-^^^y-/i^^M3ti-S# 

J-^r^f-t^ (Brettanomyces) I, ^r^^7 £ "-f ^ (Candida) Ms fr^TT (Hortaea) 
Jg, wT^^A-t* (Lodderomyces) I, Xfe, (Pichia) JRfcJRi-S 
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£ h b < (Brettanomyces 

bruxellensisK 3^>"7*^» bn«!J7 (Candida tropicalis), ^^r^X 
^ • i?V 7/^ 7^ (Candida zeylanoides) , tfc/l^T • ^ y ^ (Hortaea 

werneckii), tz -y^ti^r^ -fe ^ ♦ xn ^/^.X/f?:? ^ (Lodderomyces elongisporus) , 
t°^T lf^>-i/^ (Pichia segobiensis) , fcT^T • "7^ (Pichia 

spartinae) , T/^T* u/<? • u ^ (Arthrobacter globiformis) , 

ns^f? $ — • sf-^v^^^ (Arthrobacter oxydans) , T/KXd^^^ — • 
^ n^^t— t? (Arthrobacter polychromogenes) , ^A^h^^TV !7 ~k ' "7 
i/=^l/7. (Curtobacteriura f laccumf aciens) , ff^r/^JV?, - 7tTo 
1*— ^7^ (Geobacillus stearothermophilus) , ^n/^^y <7i^ • 
^t!)A (Microbacterium testaceum) , ^^a/^r-^-^-T^hnfc 0 — 
(Ochrobactrum anthropi) , ^"^ h ^ A • ^.X tT— (Ochrobactrum sp. ) 

^ — K^e-t-^ • ^-/^ y ^ (Pseudoraonas ovalis)), P • 9^^^^^ — 

(Rhizobium radiobacter) ft^feO & (D^jlV^ fetbSo 

ft ffc ftj H , :/ V- jy ^ 7 4 ± X ' 7* ;V 9 ± U 1/ 1/ X (Brettanomyces 
bruxellensis) NBRC 0629, ^ky^y^^ft^- zffV^ *fe i/^X (Brettanomyces 
bruxellensis) NBRC 0797, Sp^V^-f^- FpWD^ (Candida tropicalis) 
NBRC 0006. ^fti / f'f^'^'{7/'ff^ (Candida zeylanoides) CBS 6408, 
^t>'7'f^ , ^ / f7/-l'^ (Candida zeylanoides) JCM 1627, tfv/l^T • !7 
rc/W^^r (Hortaea werneckii) NBRC 4875, n yfnv/ft^ • xn^^^/K 
^X (Lodderomyces elongisporus) NBRC 1676, lf^7 • t^lfxyj/^ (Pichia 
segobiensis) JCM 10740, t°^f T • ^ (Pichia spartinae) JCM 10741, 

T/VXn/^^ — • tr^>/V 5; X (Arthrobacter globiformis) NBRC 12137, T 
. ^-^v-^V^. (Arthrobacter oxydans)DSM 20120, T/^X n**# 
^-•^y^n^e ^-^-w— £ (Arthrobacter polychromogenes) DSM 342, # )V h ^ 
7!) 17 A • 77^-^-77 i/oi (Curtoba.cterium f laccumf aciens) ATCC 12813, 
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Jf^T/^jV^ - ^77af- *7 ^ (Geobacillus stearothermophi lus) NBRC 
12550 , ^^/^^/V^'^^Tni?- — ^ ~7 ^ ^ 7- (Geobacillus 
stearothermophi lus) I AM 11002 , yt^f • ^t7p 
(Geobacillus stearothermophi lus) IAM 11004, *?Hr* t 3'fl'?* ' ^TTnf^^ 
4 =7^ (Geobacillus stearothermophi lus ) IAM 12043, ^ n/^^U !7 J* • 7=" 
.X^-fet? A (Microbacterium testaceum) JCM 1353, ^"^n/^^ h 9 J* ' T^Yn 
tf — (Ochrobactrum anthropi) ATCC 49237, Or jr u 9 h^i^ • ^ X t° — 
(Ochrobactrum sp. ) (v'a — K^T^X • :*v* P * (Pseudomonas ovalis))NBRC 12950, 

tz^C^ h 9 A • tf — (Ochrobactrum sp. ) (v^ — K • U ^ 

(Pseudomonas ovalis)) NBRC 12952, Xis*9 • (Ochrobactrum 

sp. ) (v'n.— K*^"^ * y (Pseudomonas ovalis)) NBRC 12953, U tf^ A • 
7^^^^ (Rhizobium radiobacter) IAM 12048 f&3fc(E> <fe ©j&SWfc^f* b < ffl 

V$J^r4 i?X (Brettanomyces)JS, ^ ^ (Candida) JR, ^^^^^^r 

T (Issatchenkia) I, Pyfn^t^ (Lodderomyces) JR, tf^rT (Pichia) 
H, Xte, n KK/V7 (Rhodotorula) JRteJRi~$!&£*0t*l3fe£> <0&&iZ b < ffl 

-^tt ibO^'C, /l/y^/V'ft^ • 7/"7 — 9 (Brettanomyces anomala) , 

(Candida famata), -T >"T -f ^ • ^ -Y (Candida 
krusei) , ^^^7*4 & • -r/V' b —if (Candida maltosa) , 3^ ^"f 4 ? ' 9 
7 7^ (Candida zeylanoides) , 4 y-^^l/^cT -7,^f a7-^ (Issatchenkia 
scutulata), n -y^w^r 4 -fe X • ^ n >- v 5 ^ 7j\:7 (Lodderomyces elongisporus) , 
W'7^^^ (Pichia angusta), t D ^rT-7J^ h7>f 7 (Pichia cactophila) , 
\?$r~r . -ferf frci/^X (Pichia segobiensis), fc^T • H/AP7/f7 (Pichia 
trehalophila) BKf^?'5M (Rhodotorula minuta) fijfecD^^ 
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Mrfctih ^l^y^/Wt^ • T y^r — y (Brettanomyces anomala) NBRC 

0627, ^rt^fV^'^jv-^ (Candida famata) ATCC 10539, ^rY^f ^ ^ ' 
V (Candida krusei) NBRC 1664, St-fl*"? 4 & • 9 (Candida krusei) 

JCM 2284, ^f-Y^fJ & ' ? frt-i (Candida krusei) JCM 2341, ^rY^^f ^ ^ ' 
h— (Candida maltosa) NBRC 1977, ^'^7/^7*^ (Candida 

zeylanoides) CBS 6408, <f • * ? ^ ? — #W&*> 9 =*• y — ? 

(Issatchenkia scutulata var. scutulata) JCM 1828, Pyfnv^tT; • ^ 
P^S^atf^* (Lodderomyces elongisporus) NBRC 1676, W'T^i? 
(Pichia angusta)NBRC 1024, t°^rT ♦ T $ (Pichia angusta)NBRC 1071 fc° 

=3rT - *^h7^7 (Pichia cactophila) JCM 1830, bf^T • -fe=flf^^^^ 

(Pichia segobiensis) JCM 10740, t°^rT* h WM3 17 -f 9 (Pichiatrehalophila) 
JCM 3651 n K h/V^ • 5 ^ — ^ (Rhodotorula minuta) NBRC 0879, TA' 

fcT — (Arthrobacter sp. ) DSM 20407, n ^ ^ — • ^ 

/V^U>7^ (Arthrobacter sulfureus) (7>tV^r!) !>A • t/V7^!7A 

(Brevibacterium sulfureum)) JCM 1338, ^ U tf ^ ^ ]) K - ~? ? & 

(Brevibacterium butanicum) ATCC 21196, 7'HfV^f!) 17 A • ^/V^l/«7^ 

(Brevibacterium sulfureum) JCM 1485, b/^f'J • 77 J f3.77>' 

(Curtobacteriumflaccumfaciens) ATCC 12813, ^n^^^y ^A-y- 
7^/'j7^7)A (Mi crobacterium keratanolyticum) NBRC 13309, %#xis*9 
Tl) • f-^/V^rc (Microbacterium saperdae) JCM 1352, 5 ^ ci^f ^ 17 
A • (Microbacterium sp. ) NBRC 15615, Jr?u/^? h9-& • 

If — (Ochrobactrum anthropi) ATCC 49237, ^"^n/^^ b ^ A — 

(Ochrobactrum sp . ) (is a.— K^t^ • V ^ (Pseudomonas ovalis) )NBRC 
12952, jfr9xi/*9 b^A - (Ochrobactrum sp. ) (v-a— K^tT, • 

U ^ (Pseudomonas ovalis)) NBRC 12953, ^=7 zi-yjjX • y*^ b V 7 4 77 

(Paracoccus denitrif icans)NBRC 12442, V. *SWJ** S 7 i?Jr^? $ — (Rhizobium 
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radiobacter) IAM 12048 % ]) ^ tf ? A • y S?:*v*^ & — (Rhizobiumradiobacter) 
I AM 13129 N n ' (Rhodococcus sp. ) ATCC 15960 ^5fe<Z)^0 

^it^jt^fc^^jHjItxU DTT (dithiothreitol) ^cDiSjn^lJ^ 

;U7;^!J K (phenylmethansulfonyl fluoride ; PMS F) <£><H& 

M*-fc£s :£K>^*©l£lfe03fc*H"<fc DEAE Sepharose F 

a s t Flow (Amersham Biosciences *fc$4) ^J^fcl^-f ^-^tfc^ n 
h ^7 ^ — % Butyl Sepharose 4 Fast Flow 

(Amersham Biosciences %M) £ ffiV^fcllzkttffiSff^ ^ n h fy ~7 ■< — , 
MonoQ (Amersham Biosciences tfc$£) V^rc^-T ^"^^^ u *v b ^7 
y ^ — „ Superdex 200 (Amersham Biosciences %tM) £rfflV^fc-7* 

(Issatchankia scutulata var. scutulata) J CM 1 8 2 8 $5fcK: &3fc*t"5 Jj/l/tf 

—tvmjtwm (gxTs i" 1 sadhu fcfs?i-5r.t^s>5 0 ) 

v/HHtl^ h v y t ^ y s: Ytf^mm*.Wi (^T^ sds-page 

fc#IO§) fcl«fc5 £3H^*^4 0, 0 0 0D a (O^st-^iy h lt^bftD, 
Superdex200 HR 10/30 (Amersham Biosciences %hM) £rfflV^ 
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I sADHltt, I&4 0, 0 0 0 D a ©t^=y h lfi^t>4S¥i^ 

«g»i©»DNAfet< cDNA7^f^7!J^iIi: U 
^^©DNA© — bPSt#§ CI t <5„ £<bfc, ^tfcfbfcDNAiifJt^^n — 

-^cDNA7^f^7!J^IJfflbT, 3ps-A^7*!J^^3y, -7°7 
— ^/N^-^y ^-f if— 5/g V^Hlci t9 % /V»5gBM5%=» — KtSDN 

A^iH^tS 0 

~;vm^WM&W%k*£?fo1fc<0 c D N A %m V^TRACE (Rapid amplification of 
cDNA ends) $fe (Molecular Cloning 3 rd Ed. „ Cold Spring Harbor Laboratory Press N 
&IT> Molecular Cloning) K X K> «P|©DNAI:#5 r. t t> RTIit?*>So 

(Issatchankia scutulata var. scutulata) J CM1 8 2 8ftO|fe^DNA^ 
?>l^HI$tl/fe^/^=-/H»5c#* I s ADH 1 Kt5DNA©ME?iJ», 
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£ c iitltiifl JM£ift&cte2 0{ITOT\ 0*b< tel ojHOT, 

3=fc, I sADHlc^n^iit E3*J#-S-1 (^^tisr 5: y^BB^Ji^ 
Jfc < £ t> 5 0 %^_h, 0* b < 7 0 %£JLh % j:!)0*L<li8O %^_L<D^ 

^ (DNA Databank of JAPAN (DDB J)) m&MMfc, FAS TA^B LAST 

^fflV^TDDB J ^MtBLAST p r o g r a m£rffi l^/fr^e n v?— JfeM 

i^_y# n-v-^-fe^ • i? U bTi?3c (Saccharomyces cerevisiae) SjfefD^f^^OCD 
^y/^fY dr541cp protein (K?IJ#-5§- 3 : Accession No. 
AAB64983) *T? <9 , 4 2 % (D *g U fc 0 

I sADHl^n^KtSDNAIt _h|5 I sADHl^^-KfSD 
N A tc f« <£> xJn^E- n ^T? £> o T , # /WjJf^/WJSTC^^I^tt «r^"i- 5 * 2"* * ST 
KnDNA1?fc5„ 
-EIB^^^S^^— KtSDNAt Lttt, Mi«, @3^tl#-^- 2 t?^ 
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%m £ fcv^Hrt \n$5\,^xw&m-%r i fc%&m<vT ^ / mmmz 1 m u < te^m 

Ma^J#^-2fe:lE«c©DNA^mi#M^^m«A^ (Nucleic 
Acids Res. , vol.10, pp.6487 (1982), Methods in Enzymol. „ vol.100, pp.448 
(1983), Molecular Cloning, PCR - A Practical Approach, IRL Press, pp.200 

(i99D) ^xm"MMWk, wxRx^y-^t^mnmm^mxir^^ 

k^XV I sADHl^n-Kt5DNA(D^n^^#5ii^f^5„ 

I s ADH1 ©7^ /mUn^tz.\^(D— fP^>, IsADH1^3-F 
t^DNAtfc^©- fPSTTciC, #i);Ul DNA Databank of JAPAN (DDB J) 

mDNA^o^ (Di«ia?lJ'It«^ Atb rTI ^T? 5 „ ^ 

^-a^ n t &nmx&> z>o 

I sADHl^^^KtSDNAC^n^ IsADHltr^ — 
F-f-^DNA^fc^^rcD— UTJIVm:, ^/^^^/l^al7n^*fStt 
^i-^>^^^^fcP^bfcDNA{^b, nn^-ZN^^y ^V-^-i V 

£rfTV\ M^!)^Xf5DNA^#5rtiaottSl#t*#5, *^£> 
^y/^f^n-KtSDNAO r — §|5J £: te, Zfv—Zfk. L-X FRl/^^ (D\Z.~i"£r 
^^©DNA©iitfe^ Hf^l&Mtel 5 b pJai_h, 0l£ U < 5 0 b p £1 
_b, i: b< ttl 0 0 b p&X±(Dk(DX&Z>o 

~f V if— ->a ^-f^^Mo lecular Clonin g^^fSife^ 
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§ V n f^^°7 — # * D N A * fc N A(Dilf>H- Ufc 7 4 /V? — £r 

j^t, o. 7~i. 0M©tib7- b y v&i&e.tq 5X:x*^-c?y ^-r-t?— v- 

a tzM. 0 . 1 ~ 2 X S S Cfe&L ( 1 X S S C cD|i.^», 15 0 mMit 

JbtBcoJ: 5 i-b-c^If ^tbfc, # /^WH^jngf fit & ^ — Kt^DNA^fti 

t^DNA &mjt~*si& i-m^^tf ^HaoTV#5rtm5 0 

^.cot^s # /^-/i-mTcmm ta-KtsDNA ^^^^ ^ -e^^, bt# g 

iJC tf> 5 ' -{lij_hi5fc , £ «9 b < ^ - ^ - — ^ 3 ' -llJT^ K^ti^fhU^ 
&fci&m&hZ> 0 yn^e— — RTF? — — Z — t bTte\ m^t LTflJ 

— ^ — -c & *x R: PK^ £ tti 2 x r t-*5v ^ -cf ijffi rti £ ft ^ ? * — , 
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Afc^X^ • *j&Mlk #«iuiL-C«, Adv.Biochem. Eng. 
43, 75-102 (1990). Yeas t 8, 423-488 (1992) f£ 

if izmm $ fix v ^ o 

xi/x UfcT (Escherichia) I, (B a c i 1 1 u s ) 

J0L l/a. — K^E-^JX (Pseudomonas)JS N -fe^^T (S e r r a t i 
a) I, y l^A (Brevibacterium) I, = U 

TV VJ* (Corynebacterium)Ms * h (Str 
eptococcus) 1, 7 ^ h^^VW* (Lactobacillus)^ 

n Kay*^ (Rhodococcus) I, ;* h V-^ W^f "tr* (S t r e 
ptomyces) JRfc b*KM1r Zfe±-<<? 9~7h<DfctL£frX\^W&m o 

4}-~,JjX2^?4±X (Saccharomyces)M, ^/W ^n-^^T -feJX (K 
luyveromyces) I, i^lr -y # (Schizosacc 
haromyces) Ms ^ *9* y * ^ -f "fc* (Zygosaccharom 
y c e s ) Ss "^rt 2 ^-f T (Yarrowia) Ms HJa^oy (Tr ic 
hosporon)^! 3 K^tf? y> ? '>A(Rhodospor i d i um) I, 
✓NVtf^9 (Hansenul a) Ms t 0;3 rT (P i c h i a) 1, ^t^T^f 
^(Candida) JRjfeif lJlJli-SW^^ ^©?SS:^^TV>S^o 

y n ^./3s°7 (Neurospora) Ms T^^/^^r/l-vs (A s p e r g i 
1 lus) JUL t77P^*°!)!)^ (Cepha 1 ospor ium) hV 
=tTVW (Tr ichoderma) if HUGH'S W^"^ 9 — ^<£>fit37: £ 

ilB^^O*^^^ Ut^L<«, H7 (Escherich 
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ia) 1, St'F/V* (Bacillus)l, 7VWr!J <7A (B r e v i 
b a c t e r i um) I, a)) %s<fr V (Corynebacteriu 
m) M'Vfo Y) \ 4#tC&* U < J3u a^iSx. !JtT (Escherichia) S N 
:i !J^''^7!)!>i i > (Corynebacter ium) H-Cfo<5 0 

V^Sflf^CTfT? - i^-e^S ($J;U3\ Molecular Cloni 

x^jJJtTl, #fcxv'x!Jt7-3p (Escherichia col 
i) ^£5VMn3\ 7" 7* 5 K-<^^— i: b-Tte, pBR, pUC|/7^^K^ 
lac Yf?—' £K trp (h^h77^ny), 
t a c, trc (lac, tr p ©ife-gO , ^7^PL, PR4^A*t5 
r/tz^E— ^ — ftifj^lf btbSo ^fc, * — $J* — * — t UTH t r PA**, 
7 7-i?ft^ r r n B V a£y — ^vVRN A!±j3£cr>^ — * — ft if^aptf b 

^^/U^JStC^oV^T^ P UB110I7°77> F\ pC 

1 9 4^7°^^ ^ Kft^gr^lf S-^^-e^ x £f Cx ^-fe#:^-f b-T 

* — * - ft t* -&m m x # s o 

ixa- K^-7-^«i-*5VN-C^, t btii, v-^— K^i-^. • (P 

seudomonas p u t i d a K — K^-t"* • "fc^fT (Pseud 
omonas cepaci a ) ft ifT?^§AL $^l/ _ CV N -5) ^xfitJft^^^^ 7 i^" 3 ^ 5 , 
h^x^fe^il-i^t^T 5 ^^ 5.F\ TOL7°7^^ KSr3fc*:fcbfeJ£ 
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m^EM^?*— (rsf i o i o^^K^mir^^m^m^^w^A'm^^ 

t?) pKT2 4 0 (Gene, 2 6, 2 7 3-8 2 (1 9 8 3)) Sr^tf 3 £ 

revibacterium lactofermentum) ^^oV^Tfi N ^ 
— h btfi, pAJ43 (Gene 39, 281 (1985)) 

fc <5 o 

n y ^/^^^ y ^AM^. #ic=* y ^^^-y >7i* • #As# ^jjJ* (C o r y n 

e b a c t e r i u m glutamic u m) iZljoV^Tfi^^ $ — t L-Tfi, 
p C S 1 1 (#|fiBS5 7-1 8 3 7 9 9 -5§-<kfg) , pCBlOl (Mol.Gen. 
Genet. 1 9 6, 1 7 5 ( 1 9 8 4 )) ft * S K-<^ * -a^tf fcfrb 

f--/ ^7 cr-e/f-fe^ (Saccharomyce s ) JR, #fc^^7J ±^ • 

■fe Vtf v?^( S accharomyces cerevisiae) ^joV^Tf'i, 
^^^-tLttt, YRp^, YEpI, YCpl, YIpI^7^^ KW 

hth& 0 tut* /^0i7k*i»*^ t/v7;i/ft K-3-y y»ii 

i^tt7t^7j^-t\ /3-7?7^ h^y— -feU— if, 

n-v-Y-fe^. (Schizosaccharomyces) J3U£3oV s 
— £ L-Cf3> Mol. Cell. Biol. 6, 80 (1986) 
^|Eft CD - 5/ 7J n -fe ^ • 7tfiy<&3fc(D7 0 9 * $ K^^^^^if5-i 
^t^5o pAUR2 2 4lt Sffi^e>T|7|S$tlT*5i9^J-^IJffi-e^ 

•So 

T^^/V^W^. (A s p e r g i 1 1 u. s ) JR^jS^Ttts T^^/l^/V^ • 
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~jf— (Aspergillus n i g e r h T^^;V^;V^ • v ? — (A 
spergillus oryzae) t£ VTO^XMi* £<W$Z£frX& 

v) , 7*7^* V^^k^W^(D4 yf^u-ya ^mm^-mxh V , 
T^T — if-^T ^ 7— tfSJlS^^n*— mm^-mxh^ (Trends i 
n Biotechnology 7, 283-287 (1 9 8 9)), 

rL>X$5<0 „ (N a t u r e 3 1 5, 5 9 2- 

5 9 4 (1 9 8 5)) ^^®s M^n^s^ ^f^^^^^ttfil^iiC^ 

bfc£ *K ^^(D^/v^^/^St^Stu^^x (S) -2-^V^/ — 
VM* (S) -2-— ^f-y-/vSr«3S-t-«r ^^-c#S„ 
* fc*5IMS % 1 K:f3*<z>T 5 y @£IB?0 £50 %£* ±<Dftm&&*Tf 

&t ^ jmmmfrbtt&p^^fwxfo^x, ^/^^/^^mjuvxyt^'B 
ra, iDNA^fe*DNA«i^A/r#bii5iiwiPii wmWMWk 

(S) -2— /I'&SV^a (S) -2 — /l^®|3£**-£ - 
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'So 

* t^^m Zf Is V $ J "fe * (Brettanomyces) 1, ^ (Candida) 

Ms ifr/V^T (Hortaea) Ms -fi^^^^^T (Issatchenkia) Ms PyfnW 
■fe^. (Lodderomyces) Ms t°^f7 (Pichia) I, n Kf/V? (Rhodotorula) Ms 
T/V^U/^? ? — (Arthrobacter) Ms ^Hf/^f D A (Brevibacterium) Ms 
^/^ h^^^ y (Crutobacterium)JSs -^^"^/l^ (Geobacillus) Ms $ 9 & 

V t? A (Microbacterium)Ms ^^P/^h^A (Ochrobactrum) Ms 
3^*7 (Paracoccus) Ms U *S V V & (Rhizobium) Ms n K = 3> # * (Rhodococcus) 

t&{k&QB<D#A'tf~A'&tt : $Mjn£'&* (s) -2--o-^/— A-fcav^i (s) 
2-^y^/y|«$t5ri:(a!}> (s) -2^^*y— /v«r«3Si-5# 

^W^^/^^-fe^. (Brettanomyces) Ms ^ -Y -f £f (Candida) Ms 
zfr/V^T (Hortaea)Ms n y 9* n -v^f i?;* (Lodderomyces) Ms X^s f^rT (Pichia) 

(Brettanomyces bruxellensis ) „ ^rt^fV^ • h n fc.° # y (Candida 
tropicalis) x 3rY >"7*>f ^ ♦ *7 J 4 "f^ (Candida zeylanoides) s fr/l-TT • 
r> 3i y 3r (Hortaea werneckii) x n ^TPV^ir^ • xny^^^^Ti 

(Lodderomyces elongisporus) N tf3f T • ± ^t^^^ (Pichia segobiensis) N 
t°^rT • (Pichia spartinaeh TA^oa^^ — • ^ntfTjs/V^ 

(Arthrobacter globiformis) N TAs^us*? • (Arthrobacter 
oxydans) % T /V ^ n ^ 9 $ — • sjf V 9 n ^ -y* — "t? (Arthrobacter 
polychromogenes) , ^/l^h/^fU !>A-77^3L7r >^ (Curtobacterium 
f laccumfaciens) s <y* ^ /V • ^fTnf-^^^f^ (Geobacillus 
stearothermophi lus) N > ^d/>^7 D !>A ' rX^t^A (Microbacterium 
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testaceum) , t^n^^ h7^'Tyfo (Ochrobactrum anthropi) , n 

V *7 & • ^ ^ (Ochrobactrum sp. ) ( V a- — K^t^ • ^~ ^ U 

(Pseudomonas ovalis)), U ytf^A • 7 v^'^ ^ ^ — (Rhizobium radiobacter) 

(Brettanomyces bruxellensis) NBRC 0629, "7 \y -y & / ^ A "fey* • r/A^-fe l/V 
(Brettanomyces bruxellensis) NBRC 0797, 3r-Y >"9*-r ^ • h n fc°7J JJ ^. 

(Candida tropicalis) NBRC 0006. Y ^7*^ ^ • -£V 7 / >f 7** (Candida 
zeylanoides) CBS 6408. ^Y ^7^ ^ • If-f 7/^ 7^ (Candida zeylanoides) 
JCM 1627, sfr/l'T'T • ^7^/V^^^r (Hortaea werneckii) NBRC 4875, ByfP 
^r-fir.X - ^cv l/i/^Tii? 7* (Lodderomyces elongisporus) NBRC 1676, t 0;3 rT • 
±=f)?=c>'-y7, (Pichia segobiensis) JCM 10740, fcT^rT • *'Wr -Y 7"^ (Pichia 
spartinae) JCM 10741, T/l^ n ^ ^ — • ^Pfc'^/W^^ (Arthrobacter 
globiformis)NBRC 12137 , T/V^n^^^ — •^"^v'^^^ (Arthrobacter 
oxydans)DSM 20120, T $ — • V 9 n y -f- — (Arthrobacter 

polychromogenes)DSM 342 , ^/V A • 77^*7/ ^^^^ 

(Curtobacteriumflaccumfaciens)ATCC 12813, ff-ir^f-f^Ts • ^^Tnih— ^7 
-Y 7^ (Geobacillus stearothermophilus)NBRC 12550, fftirrt^A'* • 7r7n 
1J— ^ ^ ^ (Geobacillus stearothermophilus) I AM 11002, ^f^T^^/V^ • ^ 
TTV- 7^7^ (Geobacillus stearothermophilus) I AM 11004. ff^r/^f-JV 

7^ ' T^^TT & ■^-—^y ^7^ (Geobacillus stearothermophilus ) IAM 12043, 5: 
^a/^-^y J7i>> • 7^.X^ir !7 A (Microbacterium testaceum) JCM 1353, P 
f7^ • T^hn (Ochrobactrum anthropi) ATCC 49237, X3.*9 h 7 
A • rcT. — (Ochrobactrum sp. ) (iXcs.— K^T"^ • P * (Pseudomonas 

ovalis))NBRC 12950, ustj? h 7 • tf— (Ochrobactrum sp. ) (v".a.<— K 

• y ^ (Pseudomonas ovalis)) NBRC 12952, ^ u/^ f7^ • 

t°— (Ochrobactrum sp. ) (v^— K^T"^ • P ^.(Pseudomonas ovalis) )NBRC 
12953, y ^WJ* - =7i?3-/*J? ? — (Rhizobium radiobacter) IAM 12048 j&5£p£ 
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2^t / yfc^l i k i 5 , (s) -2-^^y-; — fr%WmirZ>m 

-£H±, ^Vy^ /-^-fir^ (Brettanomyces)^ ^^T^fV^ (Candida) Ms 
iJ-^-se. y^r7 (Issatchenkia) JR N tayfpv^t^ (Lodderomyces) 1. ^°^r 
7 (Pichia) JR, Xte, n K (Rhodotorula) JRKURi-S»^4fc* s iEF* U < 

-^Titt- CD ^ ^Vy^y V/ft^ • 7^ v-7 (Brettanomyces anomala) , 

-f ^ • 77^^ (Candida f amata) , 3r ^fV ^ • 9 (Candida 
krusei), ^ -Y f s ?<< & ' V —~9~ (Candida maltosa) , 3r-Y >"f 4 9* ' ^4 9 
9 49*^ (Candida zeylanoides) , --f l/^cT ' X 9 f- a. 9 — 9 (Issatchenkia 
scutulata), n^^n^^ir^-^p^S/^/f?^;* (Lodderomyces elongisporus) , 
fcT^T • 71/ -9^ 9 (Pichia angusta) ,\£*7'3)9 h? 4 9 (Pichia cactophila) , 
t°^rT • tf^^iX^, (Pichia segobiensis), tf^T • h^P7^5 (Pichia 
trehalophila) ^.t>\ n K h/^9 • ^.^ — 9 (Rhodotorula minuta) ^WKflJ-^ 

Jrfr Kl ^Vy^yv-ftT, -7;-7-7 (Brettanomyces anomala) NBRC 
0627, ^*rl/*f4 ? ' yr-^ — 9 (Candida f amata) ATCC 10539, ^r^r >"X 4 ^ • 
^ /Hr (Candida krusei) NBRC 1664, -Y Vt* 4 9* • 9 /\^ J t4 (Candida krusei) 
JCM2284, Sf-Y>'^*-r ^ • ^/V*fe>f (Candida krusei) JCM 2341 N ^^^9*4 ^ ' 
■vyV b — f - (Candida maltosa) NBRC 1977, *c*?l/9 £ 4 9°'^ 4 9 9 4 9 s ^ (Candida 
zeylanoides) CBS 6408, 4 J ^9~^^ / ^r7 • X 9 9~ =^ 9 — 9^M^ 9 f-a. 9 — 9 

(Issatchenkia scutulata var. scutulata) JCM 1828, Dyfnv^ft^ 
uyi?^7$9 * (Lodderomyces elongisporus) NBRC 1676, tf^T • 7 ^ 9 *9 
(Pichia angusta)NBRC 1024, t°^rT • 71^9"^ 9 (Pichia angusta)NBRC 1071 t° 
^r7 ♦ 3>9 Y?4 9 (Pichia cactophila) JCM 1830, t°^rT • ±=?\?^^i/X 

(Pichia segobiensis) JCM 10740, fcT^T- b WM3 7 >f 7 (Pichiatrehalophila) 
JCM 3651 2fc.t^ n K • ^ ^ — ^ (Rhodotorula minuta) NBRC 0879, T JV 
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^n/^??— • (Arthrobacter sp. ) DSM 20407, T/V^d/^^— • ~t 

;V71/>)7 (Arthrobacter sulfureus) {rf \s \f 9 T V V A • V /V 7 U & J* 
(Brevibacterium sulfureum) ) JCM 1338, ~f U 9 T V V J* • 7 9 ~* & 
(Brevibacterium butanicum) ATCC 21196, 7Ulf^9"rV V & ' t^7W^ 
(Brevibacterium sulfureum) JCM 1485, 9& h/^f!l!>A' 77^77^ 
(Curtobacteriumflaccumfaciens) ATCC 12813, $ ^ P T 1 " U !7 A • <^ 
y 7^77 A (Microbacterium keratanolyticum) NBRC 13309, 5 9 vs<9 
<f y V J* • l^/V^^ (Microbacterium saperdae) JCM 1352, 5 ^ n ^ y r> 
^ • t°— (Microbacterium sp. ) NBRC 15615, h^A • T^^n 

— (Ochrobactrum anthropi) ATCC 49237, ^^n/^ • ^- ^ t° — 

(Ochrobactrum sp . ) (v'j." K^e^^. • ;£v^ y ^. (Pseudomonas ovalis) )NBRC 
12952, 0r9n/^9 • (Ochrobactrum sp. ) (S'a— K^^^. • 

y * (Pseudomonas ovalis)) NBRC 12953, ^7 ^77* • f=- h V 7 ^ 77 
(Paracoccus denitrif icans)NBRC 12442, r/t'7^-7 i?$T'*9 ^ — (Rhizobium 
radiobacter) I AM 12048, V 9 A • 9 i?3rs<9 9 — (Rhizobium radiobacter) 
I AM 13129, n K=i^77^ • (Rhodococcus sp. ) ATCC 15960 7>W^ U < 

^fc, 2— <^^/ ^fc^.vMi2— =¥-y-/ as, s«a 

S^O. 0 1~9 0%w/v, &IKttO. l~3 0%w/v©|gffll:'fflV^ 
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1 — 5 0%w/vfSS, |ftl<iil~20%w/v^i5j;9»j]DU 

*7c, ^^M^fSjt^ife^^VNT^, if*NADP + fcL<(iNADPH > X 
^NAD + ti U< liNADH^iiPtS©^* U< % t ttli, ii 

fi?0. 0OlmM~10 0mM, ^IKliO. 0 1~1 OmMttt§„ 

±|B*6B**SrWP*r5»^K:W:, NADPH (NADH) ^b4fifet5NAD 
P + (NAD*) SrNADPH (NADH) ^tt±£-&Z> Z. t&&M$b*1ft±<Dlt 
«>0£L<, S4*jSfei tttts 1) iif4ig*®NADP + (NAD*) 5S 
TC^SrflJ^i-^^&s 2) NADP* (NAD*) i^NADPH (NADH) £r 

±}&1r%mtl%^TZW^^ fcSV^S, *JB**B*** 

$ (y ^=TBM&i*#BNl8fc*f) 5& if ©NADPH (NADH) ©S&tz^UJB 

(f^^lff) SrRli&*rtt-a&bB , t-S*«fe, 3) 5^«*5^«rK3Si"«Ui^ 
NADPH (NADH) (DlteiCf IJJ1 T*|fcfcS^T?fc3±flB?|&B*3N5tf> 

& m <d d n a t m h# kh&^e ma* a bus?! $ * § #ifc ^ if e> 5 , 

^©5^ _LfEl) ©*-4fefcS8VNTW: % S^^^=i— ^^^/-/K =¥ 

w & r ± h ^mm istch(D, ^i^i u fc h <o , * it w ^» 
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Mymmiz-ttm^Xs mmm^&xm^o. oi-ioo§, 0$kh:o. 5~ 
^mmm^mmir^m^fD^^ / u < raw y 7>v/</ —/vtz if 

_hfB3) effete** i^Ti*. ^/^^HTnii^n- Kt^DNAi 
±!Bf?4iII(D D N A lrife#:(cg^^^, ^-©^^^-^ { ^ DNA 

^ ^ — * — * if»m«9 » h *> 5 * ^ ti^tMom.fc* \z.m%-t z^m-*??? 

^£i§rfc^SCte&#*HISk S^^S^ 2tt*/Xtt* »J§& 

^fc, *3SW<Z>3»3t^ifeW:, KJSSJtftt*^ V' y 9 J ^4±X (Brettanomyces) 
JR. ^fi/ 3 ? 4 # (Candida) frA'TT (Hortaea) JR, ^f-^-^^^rT 

(Issatchenkia) nyxOv/f-fe^ (Lodderomyces) I, ff^7 (Pichia) 
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I, O K f;V7 (Rhodotorula) 1, T/V^tn/^^ — (Arthrobacter) I, ^Vlf 
^f!) # A (Brevibacterium) 1, ^ /V b T V V A (Crutobacterium) I, >f 
Or/^JVT. (Geobacillus)Jg^ ^ ^ n/^^r U A (Microbacterium) 1, ^"^ 
^ h ^ A (Ochrobactrum) Ms 9 3 y # ^ (Paracoccus) Jpi x V *S tf P 
(Rhizobium) Ms o K=» * (Rhodococcus) JR<D*7V'>i?=/l'315£S*tSttSr^ri~ 

tpH3-n, ^i<iipH5~8 -vftt>nz>o R^m^mn, 1-72 

*58KO«a&^fefcdSVN-C^ TfB — (5) 

R 1 -^- C °2 H (5) 
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-LIS— ^ (1) fc*5l^T. R 1 ft^it 3 ~ 5 © n - T'n tVH, 

n-^y^;H, ^y^PtVK 'fy^S, ^y7 5;H, ->^n-< 

n-^ntVH, n-^f/H, n—'O'^vK ^y^abVH, >f 

T**>«J,-t©3te^*fi5El±aflir8 0%e e£AJb,^*L< JS9 0%e eKK'fe^ 
^03= b< f* 9 5 % e e ^±^£> "9 , m^ttf * b< 9 9 % e e £UiT?fc5„ 

jRiSTfii^wsisflr -cra:WNs-e#i\ tim-orfKimmrrz tm^m^m^m^ 
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r $ K^sist ; mmm<D^mm^mm;^))^, 2, e-^v^ h 

^^^V^^n h>H4tttti&ift"CS>5* S?*?"A'XA>fr*i/V* W&l/ifi 

^/vmvw y / -7 z/vm.-J y y h y ^ y hm v y 
Kj&i&m<Dftib<Dmum&mMkvxm\<^%^kh^mxfo%o ^(om^. % 
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item* WtttM&<D&&lR8tfeQa ; t°y 2, 6-/v^i?^ 

^>7^^ 1, 8— 5?T1F tfi^P [5. 4. 0] - 7 - * Vf*-fe >\ 
1 , 4 - i^Tif tf o [ 2 . 2 . 2 ] ^ ^ ^O^itt ; zkM^ h !> ? 

a n •fcwtibXA'f&J** %m.$> v v^%f<DmwmM u^s^k* 

v<nm&mm.* m&mmitm. ^mmm* s&istmsk 

*>d. m^^v<itmitm* 2, 6-a^-^>\ ^trw^i^^ 

,jivn§^miJ(d*}*, mn&Kfcttvxo. oi~5owt%m^ 

sjsatfiit 3 o~2o otT*fc!), wmfflnGte. ®im-r%mMM^(oj%. 

<, UtL<tt30~15 CC-CfeD, 3Em&*U< »3 0~1 1 Ot^fcSo 

*3SM©5te^^4 1 ^/V-TV^/V-^ n l/m*. TIB— ^ ( 2 ) 

OH (2) 

-e* $ ti % ^^fStt T ;v =t — /w£r * A** —frUr * v-S^ £ b % TIB— 

(3) 

RV*/ 

X (3). 
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r R2 

R 3 (9) 

R 3 (4) 

_h|E— «S£ (2). (3) (4) ^JtSR^^MUB^ifMIBU/tiaOtf 

<fc <5 0 

_L|B— «S£ (4) (9) fcl£>V^ R 2 ^R 3 («^MA3ibT, ^ 

R 2 a 3 M^iot, 5- (l-^f/W^) -2, 2-i^y^ 

_k|B— $£5£ (3) iZ&\,^X. Xti^^/^^ri/l, h^/Wt^^ ^hn^< 

_h!5-^ (1) ~ (5) te*5V^ *tt^3r&*«ra*U -t©3fc^*B-Stt® 
|8 0%ee £*_k, 0* L<il9 0%e e.^±, JEK:#* Kfi9 5°/oee, # 
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mfr * b < 9 9 % e e ^JiT? fc 5 0 ^>tf:£f£iag{3 R S W-<D V 

»*u<t±_hfla-«!^: (2) (3) mssvv-cs ±IB— 

(4) Rt* (5) OT^R^fc^o 

Xfo&o 

±%&Rj&\cm^x&m&frzx/^ft~MkM<D*n. st(^tti~i om§ 

az— tvK f h 7 1 Kn ^ 7 y^©x-f;^il ; i?^ p c ^ ^ ^antfc 
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xh <fcv\, 

BOSffiJtfSM^- 2 0-1 0 0°C^fe t) , ^A-f-S«*W/X^H^# 
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MH;ifflv^^i#^;i;b<, lW^Lti~3S^ b< « l . 2 

~ 2 . o^*-c&5 0 
_h|BKJ£fc:*3V>*t\ m^hfi&iMMb tttt, TK^-fb^ MJ^A, zkSHfcy^ 

^i/-)^n 5: K^o^ra^jR^-a-^ ; -r v y ^> # y * a n y f^^for 
jv-b y ^js ; ^^-s/^^^t/^ y rHg^s ; thy 17 h 

TK^b^- h y >^As y ; mmifbti. b< tezk* 

■So 

JBV^b;fa&^IR£ UTS, :/?vVp* ^vvcn^-^/K fh7tFP77^ 1, 

& i ?HmzRj&&&ff\s. fremiti ^m^mtftm^mx, HAtT^^ig 
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^ (3) b^vl/M^X'r/l'£<DKJfc?>Wr&, &*U<li30~100m 
<9, Ii^t<f±5 0~8 0 < Ctfc5 o 

«Flig^rtfcfT5 Zktf, Kaftan b^Wi^SlR^bt^UV^ fiU 

_blBSJ£-c#&;h/S-*S!5£ (4) _hia— jRS: ( l ) 

if <b v-7 7Mx^r /vffi U fc»7k^«? Sri" 5 # © © W &W$fe-CfT 

ik*y mmxv vj»m<Dmm&&; 1, s-vrwi/fn [5. 4. 0] 

JBV^£>*i5?g$lfc Ltft, tVl^x-f/K f h9t Kn77^ 1, 2- 
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(D^mm^mg >>y ^/^a-^^v- k •, tk ; ^^#tf e>^s 0 z.tit>i>*hm& 

f f7tKn77^, y^y— /K ^*y — /K B^Bfe;& s ^fb*K Kfc£f£b< 

_biE— ffis: ( i ) -e* £ ttSTfe^^tt i -y w^^^v n ^smitifittcD 

§tt<tt9 5 % e e J^Jb, £ U < 9 9 % e e £k±.X*%>Z> 0 

^nn^y, ^un/jN/^A, i?^nn^^^, ^ n ti^y^y^©/M2^y^ 

yf©7^ Y7m% ; ^y^/^/v^^^.K ; ; f^f(f^^5„ £ ft 
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1 - ^f;v7/^;^ n yili, TIB— jRsS (1) 



5 ^OftSMfi&ttSfir 8 0 % e e ^Jts^?* U < f2 9 0 % e e »_h"C*> D . 
Klt9 5°/oee £X_L, Ktt9 9%ee ^Jh^fe So 




(i) 
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(i) 2-^1/? ; ^frb (s) /v^^-r^n^, S:t>\ 2- 

(D i f c otiM) 5g/L, (H*»l!l*fc») 
5 g/L, tf^^r^ (D i f c o*h8t) 3 g/L, — * (0*tn n piD 

X%hM) 20 g/L OW^ # § 2 . 5mLdl ^ b fc^g-ffi 

©0tfc£rgeii U 3 0^2 4^7 2 ^WiSF^tWUlft* L-fc G # b *lfc£-J&3t 

X&WlMWffi. (pH7. 0) SrO. 04mb fl^Tk £r 0 . 0 2 8mLM, 0 

^a-7100g/L^rO. 0 5mb NAD 
P + (^-y rc^^/V^S^h^) 12g/L^0. 0 2mLilDU £ b ^HJ&Sff 
£ 1X2-^^ / ^Xfi2-^^r1^/ ^Sr-f yyB^/-;Vfc 10 0 g/Li ft 

S^I^Tf oR^I^ftt^t^^W b (S) ;v 

Xtt (S) -2-^=3r-^/— /v<D^a§rff o7i 0 ^J^*<Z>Jfe*t4^ I^^/vltbffi 
^ f^77^- (GC) ^rfflV^TSiJ^bfCo GCO^#(W^) 

*7A:j3-DEXl 20 (SUPELCOlti, 3 0 m X 0 . 2 5mm I D. 
0. 2 5fim film) 

^fty7:He 1. 5ml /m in, split 1/50 

tiV^Um: (S) -2^^/-;^lNF»5 0^ (S) — 
/WfeSfl&l&Q 5°C 

SAM : 2 5 0 °C 

mm : F I D 2 5 0°C 
. GC : ISGC-1 4 A 
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(s) -2-^<i/#/— /wfemggz&mii^ (s) -2 



2 — j (s) -2— ^v^y— sv&tiEf$,irZ>WM 







.ZC. PAt *Y/J VXk. 
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Geobacillus stearothermophilus 
Geobacillus stearothermophilus 
Microbacterium testaceum 
Ochrobactrum anthropi 
Ochrobactrum sp . 

(Pseudomonas ovalis) 
Ochrobactrum sp . 

(Pseudomonas ovalis) 
Ochrobactrum sp . 

(Pseudomonas ovalis) 
Rhizobium radiobacter 
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Brettanomyces anomalus 


NBRC 0627 


1. 23 


100 


s 


Candida famata 


ATCC 10539 
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Candida krusei 


JCM 2284 


0. 68 


100 
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Candida krusei 


JCM 2341 


0. 88 


100 
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Candida krusei 


NBRC 1664 


1. 10 


100 
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Candida maltosa 


NBRC 1977 


1. 48 


100 
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Candida zeylanoides 


CBS 6408 


1. 51 


100 
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Issatchenkia scutulata var. scutulata 


JCM 1828 


1. 07 


91. 8 
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Lodderomyces elongisporus 


NBRC 1676 


1.58 


100 
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Pichia angusta 


NBRC 1024 


1. 16 


100 
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Pichia angusta 


NBRC 1071 


0. 94 


100 
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Pichia cactophila 


T/*VI J -* £~> «"» /"\ 

JCM 1830 


1. 30 


93. 9 


s 


Pichia segobiensis 


JCM 10740 


1 AO 

1. 48 


i r\f\ 
100 
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Pichia trehalophila 


JCM 3651 


1. 16 


100 
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Rhodotorula minuta 


NBRC 0879 


0. 92 


100 
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2— ^Jlsfrh (S) -2— dMJV 
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Arthrobacter sp. 


DSM 20407 


1.04 


100 
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Arthrobacter sulfureus 
(Brevibacterium sulfureum) 


JCM 1338 


1.26 


100 


s 
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Brevibacterium butanicum 


ATCC 21196 


1. 12 


100 


s 


Brevibacterium sulfureum 


JCM 1485 


0.5 


100 
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Curtobacterium flaccumfaciens 


ATCC 12813 


1. 29 
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Microbacterium keratanolyticum 


NBRC 13309 


1. 16 
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Microbacterium saperdae 


JCM 1352 


1.25 


100 
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Microbacterium sp. 


NBRC 15615 


0. 68 


100 
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Ochrobactrum anthropi 


ATCC 49237 


0.91 


100 
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Ochrobactrura sp . (Pseudomonas ovalis) 


NBRC 12952 


1.58 


100 
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Ochrobactrum sp . (Pseudomonas ovalis) 


NBRC 12953 


1. 73 


100 
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Paracoccus denitrif icans 


NBRC 12442 


1.91 


100 
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Rhizobium radiobacter 


I AM 12048 


0.91 


100 
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Rhizobium radiobacter * 


IAM 13129 


0. 79 


99. 3 
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Rhodococcus sp. 

(Corynebacterium hydrocarboclastum) 


ATCC 15960 


1.22 


100 
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(2) -Y1^*V*T • 




— * 


J CM1 8 2 8W 



><. =f- 3i 1/ df- T • ^.^^•^-T — 9 ^.M^ a 7 - 9 (Issatchankia 

scutulata var. scutulata) JCM1 8 2 8i^2 LCDigi-S (^/U=i— ^ 8 

0 Ss mm^** (d i f c o#M) 2 o g, mnmmm) 4o g / 

mMy^^^IW (pH7), 0. ImM DTT (^T-tl^^U- IV< 
{-J: D«W^x3S^HtlcJ: B0#2fciiE£:K**U 2£»»ffif$£#fc 0 

z<Dmmmmmmz9 o g/LoMi^^^j; 5 peg 6 0 0 otr»L4°c^ 

1 itF B 1ftf, aSfoaHlfc: J: t) JtMS*^*.Ufc 0 ^©Jbiff J: ^ DEAE Sep 
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harose Fast Flow (Amersham Biosciences %fcM) ^.fflV^TtP^ 
4$r>'3&fk& D-v Ytfjy J— „ Butyl Sep harose 4 Fas 
t Flow (Amersham Biosciences #M) &J1 V^fcSfeTfctfefBllfJMB 9 & ~* h 
^7 7^", Mo noQ (Amersham Biosciences %fc04) £rffll^7t^ sj-^^S^ 
^n-v h^:7:7^' w - N 2&.£^ Superdex 200 (Amersham Biosciences 

/v»5nBNSf WJc^—^V K b /to 

**M<£>i^ #/V^/^5n03S<^tt{2, »*«Sr^tfSJtS* (10 0 mM T 
r i s-HC 1 pH7. 5, 0. 3 2 mM NADPH, 2 mM l-Tirh^r 
i/-3-^PP-2-7 t o/W) ^37^^^ NADPH©?gtM34 

E C T R Am ax 190 (Molecular Devices $M) £r^ffl 
b/Co ^ liaSMV^l^flianmo 1 CDNADPH£r^i-3?£'l4£r 
lUi L7c 0 

^ U-^i/^T • y^^^^ — ZW^^?*?-^^ — ? J CMl 8 2 8^^* 



3 



mum 


m 


16* 


mm m 








(U) 


(mg) 


(U/mg) 




(%) 




1360 


16800 


0. 0810 


1 


100.0 


peg6ooo ±11* 


693 


4680 


0.148 


1.83 


51.0 


DEAE Sepharose FF 


857 


266.0 


3.22 


39.8 


63.0 


Butyl Sepharose 4 FF 


488 


10.6 


46.0 


569 


35.9 


MonoQ 


592 


3. 11 


190 


2351 


43.5 


Superdex200 


348 


1.038 


335 


4141 


25.6 



3 (DmUm^(D Superdex2O0 ^'14®^*° V T ? V />7 5 K 
V/vnMfoMi (SDS-PAGE) \ZL&*)1lffi\^'fcMZk. 1&&£tl1t*l<"*?Wt± 
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(3) I sADHl©SI#itt 

^tfKJifrS (lOOmM Tris-HCl pH7. 5 S O. 3 2 mM NA 
DPH, 2mM mm £1«U 3 ylCt^Hfc, K»©NADPH 

izMir^^^^m7hmm^ : tm'^Vfc 0 M©i£tlisp ectra 

max 190 (Molecular Devices %±M) ?H£ffl bfco 1 ~ 
Tir f^i/-3-^on-2-^n/NV>-^^-rS^^^-/^M7n^^?g'l4^1 0 0 



54 



WO 2005/075651 



PCT/JP2005/002093 



«4 

1— T±h^>-3— ?nv-2—-3'r3s<S>' 100 

4-^ u n- 3 -2h¥y«^vW 2 12 

3-^ry@g^^ 2 5. 5 

TirM^ - 

i?T^/V — 

2, 3— "tispiZty trace 

fcT/Hf>lfe3c^vV trace 

3 -y ^"/V— 2 -^ygS^^^VV' trace 

T-feh^^/^ — 

7"nt°t7x;y trace 

7^;3ci/T±b^ — 

3-^^;^!)^ 11. 2 

2, 2, 2-M)7;WtDT-feb7xyy 5 3. 8 

^^/VfcVWfc*^ 12. 2 

^vy-f^Vg^^^/V trace 

-ra^V^VVg^ji^/V 2 0. 7 

p-tKa df-WXT'/l^fc F - 

p —jr v o^XT^K K 5 8.0 

^ - 

3-^^y^y^ trace 

trace 



(4) I sADHl©7$/^J©it 

MIS (2) t»#e>*V/t±flB*3©»J4®R|©S u perdex20 OO^/Vtf? 
HPLC (7-7^-^ ^^4^^±U /zRPC C2/C18 PC 

3. 2/3) &jsv\ wiu^stfc. ^bfc^-y^Ktf-y i 
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(5) I 8ADHl*a-Kt«DN A©E^*IWRtJ^«tei!l^Of^K 

•y-'f-^Z/^cT - 7-7 ^^ — Z $£M,7 ? *f- ^"y — Z (Issatchankia scutulata 
var. scutulata) J CM 1 8 2 8 $c£fufE (2) \Z.7& \s1t$&%ir&&tk 0#£r 

f fr^f)©yy3.DNASrDNe asy tissue kit (Qiage 

uperScript II Reverse Transcriptase 
(^f^tf hni?xy|ig) £JH^T, i*i#©7°P fn/HCi ^) c DNA^ 

tuta (4) -e#e>tt^K^j#-^-4(DN^T^ /mia^^-fe^^v^^ 

l^f h (degenerate) 7° -r— &tJWJ#-5§- 5 ^ J WSSM 

^^KIT^^^^^Ot^jx.^ W h (degenerate) 7°^ 4 ^ — &rir 

^-f -v — £rJlV^, ^i^^^^^-T • * ^ 7 — ^ 7~ ? 

(Issatchankia scutulata var. scutulata) J CM 1 8 2 SW<0 c DNA{C^t 
T^v^^W h (degenerate) PCR^ofct^5, ^3 5 0 b 

r<DDNADfit^s TJfn—^ff/vnMMMi&fx^, It) 3 5 0 b p £>|ff>t<£>^ 
^K^!5tHl/Mi nE lute Gel Extraction Ki t (Q 
i a g e n%tm) ^T^LTIH^ Ufc e # fe^tfcD N AtfrJf <Sr, p GEM-T e 
asy Vector (Promegalil) !:7^^3^U ^CliBDH 

5cK tt (m#m±M) ^»^mufc 0 7£fC&l$M*£, rytvyx a o o » 

g/mL) ^ifLBi»fitlfH, ^<o^©np-^il / ^ T7 
7°^-f-^— (P r ome g a |±@0 iSP 6-7°7-f^^- (P r ome g a %±M) 
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itSDNAi^jf A^^TV^^%^_fetU^=in— — 3^ 100ft g/mL 
7yt°i/!)y^tfLBfiti|it,QIAPr ep Spin Mini P 
rep kit (Qiage n*±®D Id* «5 T"?* 5 K«T*MftLfc. 

&LlZ s ^y-^^l/^T - ^t r ^^-*7 — $ t ^M^?^*- : 7 — # (Issatchankia 
scutulata var. scutulata) J C Ml 8 2 8 1fa<r>>? S AD N A&jn K „ Mole 
cular clonin gIEi©^(^otRACES^© c DNA^ 
/£U IH^iaicO^-}fe-e5'-S.I/3'-RACESJS^Tofc 0 JxJ&iCte-hfE*! 
Sia^J^Tn^Klf LfcIB?iJ#-5§- 9 *5<fct* 1 0 m^rf 2 ®cDji{K-^#^ ^7 7^ 

£ c D N ASB^IJ &BB?!I## lit, iDNA^3-Kt57^/ Wtm^l Srffi 

?o## 1 1^ bfc 0 Ba^i## i cot 5 y wmm% = - virzMmwM &m&m-%- 

2 fc^bfc 

vxmm-^r i 2 KifiBm©4KK2?a».tfE^j#-^ 1 3 \z.m&<om.mm.m&& 

Jrf2^°9-f-r— ^#5 0 pmo K dNTP^l 0 0 0 nmo 1 „ 4 ^-f- 
a^l/^cT • 7^ $ f'^ *7 — & ligM^Z** 9 *f~=*- 7 (Issatchankia scutulata var. 

scutulata) JCM1 8 2 8i©c DNA 2 5 0 ng, ExTaq. DNAp 
olymeraseJBlO XMUM (9 # *#M) 1 0 » L , ExTaq 

DNA polymerase 5^-=--y h 3r#M) fris&l 0 0 

/zL©M*iV\ Me(9 5°C, l^) % 7^(5 8t, 1#>,#^(7 
2 °C, 1 #) ^30 f-^f ^ /K PTC- 200 (MJ Researc h #M) & 

_bfBKJSiR<S:M inElute PCR. Purification kit 
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(q i a g e Ti#M) ctflftufc. mm^uN AWrn^mmmm^ c o R I 

Sr§I 5ttlUQi agen Gel Extraction. kit(Qiage 
n#M) t-J: «9»5S«lBlfl5tbfca #£>*LfcDNA»fJt£:> EcoRI, ^T^X b 
a I -e^Hfcbfc pUC118Higation high Oi€#it£»*±^) £r 
JBi^T, ^JIlJM10 9tt^ftettfCo 

J&Wfe&fc&T^Vi/V y (50^ g/mL) ^tfLB*^i#*Jbt?^W$ 

mL©7yt^!) >-^^-tpL Bi^i-ffiTi^L^ QIAPrepSpin Min 
i Prep kit (Q i a g e n|±I) ^fflV^t/y^^ K^iSL, pU 
C I s ADH 1 t Ufco 
Zf?X ^ K^AbfcDNA<DigX@a^!j^y-r 9 — 5-*— fe{-<t 9#¥#r b 

(6) I sADHl^r=z — K*t"?> D N A}31 <t o T^®^^ L-fc^;I§® ^ffi V^^: 
(S) -2^y^y-^OM 

itufB (5) t?#^ttfc^K^f*SrTVt: 0 i/y ^ (50/ig/mL) Sr^frC 

1 r c 1 e G r o wtf i% lOOmL (BIO 101 %LM) ^10 tS^ 3 0 °C 

_hfB^#:i 0 gK:0. 6g/L NADP + (ty xy^;^f |±i) 20mg, 
1M (pH7. 0) lOmL, lOOg/L ^3-7 

40mL, ^/V^^ft KD^t^ (3*:gf$^*±$!k 7 6un i t g ) 

2 0 m g . 2--<>-^ / ^ (Mft^ti^ h) 1 g 3 0 tt* 8 H#ffi 

t©RM»^^ililt> £fi£Lfc (S) -2— /WO?£*§rfTo 
fc„ 
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tfliHt^^vM^^^^ n-r Ytfyy-i— (GC) §rfflv^TS'J^bfc 0 
G C (D^frtigJlTol 

^7A:J3-DEX1 20 (SUPELCOftE 3 OmX 0. 2 5 mm I D % 
0. 25/zm film) 

3rt!)7:He 1. 5ml /m in, split 1/50 
: 5 0°C 

ftAfiS : 2 5 0 °C 

^ffi : F I D 2 5 0t 

GC : IiGC-1 4 A 

r<D^^ (S) -2-^>^/ — /V<Z)llK*« 0 . 9 9gl?fe^ ^f|lttt>9 
9. 0%e. e. -efeofc 0 
(7) I sADHl^n^-KtSDNAiaotflfett^lf^ffi^fc 
(S) -2 — =¥f-/-/KD^ 0 

fufB(6) -e#b^^»®^m^*^ffiV^Tffi^^&^i ! 9, 2 — ^f-/^ 
&mWbVX (S) -2-^drf-y— /KO^^rffofCo 

Jbf3Bf*l 0gt0.6 g/L NADP + (^-I» ^-^^^-SrltM) 2 Omg, 
1M M)Xli^-777^ (pH7. 0) lOmL, 10 0 g/L ^V^-X 
40mL, ^/Va^TtKP^t^ (3*c£?i£ll%h§!k 7 6 u n i t /m g ) 
20mg, 2-^^f-y V 0fc]fttejfc*fc»L ~~b) lg«|30lCt6^ 
®S£*f£o TO®pH^2M ^ttby ^A^7. 0tf*ofc 0 
#©^«£I1^^^MilfctiU £j$L7c (S) -2-— drf-/-/KD^4?rfT-^ 

fem-imWt^^WWiZ:tf^ ^pv^77^- (GC) £^T$J^bfe:o 
GCO^#te^Ttf>il<9^&>3o 

*7^:|3-DEX120 (SUPELCOlhE 3 0 mX 0. 2 5 mm I D, 
0. 25 J um film) 

^rt!)7:He 1. 5 ml /minx . split 1/5 0 
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^J^J^tSM : 6 5°C 

axiat : 2 5 0 °C 

^ffl :FID 2 5 0°C 
GC : ft#GC-l 4 A 

(S) -2-^3c^-y-^(DI&m-£0. 9 9 gXhV, 7fe^^«> 9 
9. 0%e. e. -^fcofdo 

(8) I s ADH 1 £ = — Ki-SDNAfdi:o-C^«fembfc^:M0^ffiVN^: 

(s) -2-^y^/-;w^ (^^;V7^) 

tuSB (6) -e^^tLfci^^m^^fflv^TlB^-r^^ct «9> 2— ^ 

?:lf i tT (S) -2— /VO^^^rfTofCo 

JifBWl 4 0 g (^IMtt-tT|?l4 2 gtti^) feNADP+ y 
^/^g|W±$!0 8 4mg, 1M h V ^ i^LWt^ -y~7 7 — ( p H 7 . 0) 140m 
L N ^/V^-^ 1 1 8 g, ^Vl^-^t Kn^f-f (^fSIftS, 7 6 
un i t/mg) 4 Omg, 2-^>^/^ (^M-m^Sk H 2 8 g 

^7X^*0^^*^ 1- 4L^L3 0°C1:16 B^SJS^fco Bi 

Sfcn^vHfctiiU* £j&Ufc (s) -2-^v^y— /v©3fe*^frofcfc r 5 (s) - 

2-^0-^/— /KDI&ftCil 7. 2 g-Cfct) , )fc^*fi&te:> 9 9. 0%e. e. ~C 

(9) I sADH1^3>-Kt5DNAtaotf«tbfc«^V^c 
(S) -2 — ^-f- J (^^-^Ty^) 

iuIE (6) -e#^>l^^K^^^^ffiv^TfE^-r*•^fe^j;•9s >- 
«5C£LT (S) -2-^^f-y-/K^-a-j?fe^fofc 0 

±t2ffif*5 0 g mmwfcMSib vxmi 5 gK:t§M5) &nadp+ (jtv^>- 

?/vmm±M) 3 0mg. 1M MJ^M^^7r^- (pH7. 0) 5 0mL, 
^/l/3- * 5 4g, ^/l/n^f t Kn^t' (^^M^±Ms 7 6un i 
t/mg) 20mg, 2-^^rf-y ^ OiC^b&ttSSk H 15g^M> 
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f/^liii, ^Ufc (s) -2— /KZ>^*«rffofcJIS* % (s) -2- 

^dffV — /KDJ&ftte 1 5. Igffc5, ^ttltt>9 9. 0%e. e. 
ofc„ 

(S) -2-^^^^/^^^/V^-^^^^^^O^ 
200ml©3oP77^3[:, (S) - 2 — / — tV A . 14g (47. 
Ommol, 9 9. l%ee) ^ M) xf ;l/7 > y 9 . 8ml ( 7 1 mm o 1 K 

n y K4. 3 6ml (56.4mmol) SrffiTLfcio ^<0#3 0#j£# Lfc^ 
mumtTl/*:==~?J*ikMW.4i 0ml izk20ml Srgsftl bT^JS^f*Jh £-&fc D 

mm 20mii is^p^tk 20ml & ^fc 0 m 

Sft$r@*U N II (S) -2 -7* fyKAsifr—Astti/^ls* > 8 . 5g-^ 35 



1 H — NMR (4 0 0MHz, CDC1 3 ) 60. 95 (t , J = 7. 2Hz, 3 
H), 1. 42 (d, J = 6. 3Hz, 3H), 1. 34-1. 50 (m, 2H), 
1. 5 0- 1. 6 3 (m, 1H), 1. 6 7 — 1. 7 7 (m, 1H), 3. 00 (s, 
3H), 4. 7 7-4. 8 6 (m, 1 H). 

mmm 2 ) (r) - a-* f^/f^) ^ n ypi^xf^o^^ 

mMMl-e^btlfcU (S) - 2 -^^/^xvW-^v-^^^S . 5g 
i^nyi^xf/H 4. 2 g (8 8 mm o 1 h DMF 22ml|2 0 0ml© 

m 3. 5g (8 8mmol) ^»bfc D *:<D®. 6 0 °C1? 5 B#^ N 8 0 t Ct?3 
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B#Fh1^S W&XC-Xi&faWCT J*fcW8fc 40ml i: tK 10ml 

SrS^JPUTRJS«rfltJh$^:fc 0 m&m&mSt^'l'l 0 0ml "CitBU ^WV 
£rt&fn^fkT V^E- — ^7 AtR^-S 2 0ml, 7jC 2 0 m 1 s S&frifc&zk 2 0ml T?gfe 
#N «KSfe-r ^ r> a -clfcflfc § tfco SMKSre5fe«x v- y # 7 A ^ n h 

(R) - (l-p^/K^A-) 7 

7 g 3 3. 8 mm o 1 , 7 2 %) #fc„ 

1 H — NMR (4 0 0MHz, CDC 1 3 ) 6 0. 8 9 (t, J = 6. 9Hz, 3 

H), 0. 98 (d, J = 6 . 6Hz, 3H), 1. 27 (t, J = 7. 1Hz, 

6H), 1. 15-1. 46 (m, 4H), 2. 20-2. 31 (m, 1H), 3. 

2.2 (d, J = 8 . 1Hz, 1H), 4. 19 (q, J = 7. 1Hz, 4H). 

(H«!l 3 ) (R) - ( 1 - ^ n vifeo^ 

^»!J 2 -vnhtbti (R) - ( 1 - * ^-fVy^jV) n i/^^A- 7 . 7 7 
g(33. 5 mm o 1 ) i 2 5 f 9 1 6 . lg (100mm 

ol) % x^;-/V3. 9mK*15. 4ml ^2 0 0ml©t^l77^3^ 
ttiA Ayfc 0 r OiS^Sr 6 0 °CT* 1 . 5 NfMRjfe $ iirfc^ IfittlSt 9 vex 

1 ^iifDt-tttttLfco m^^^^in^fn^-^fcm, iffi^f/n o o 

m 1 -ettfcHUfc. 7KS^^^5 0ml ^S^ffi U fil^Mt b U ^ 
Atftt*R$^rfc. ?§#£&e*^ ^fy58ml 8ml^«b 
r&tfJU (R) - (1 -^/K^/l') "?u^Wt$:4. 73 g ( 6&^I£b1k 2 
7. lmmol, W8 1°/o) ^9/^*f©3te^ *^*fift«9 9. 3% 

eeffcot (Supelco, ^-DEXl 20, inj. 3 0 0°C, FID 

2 5 0°C, Det. 2 5 0°C, Ovenl3 0U ^y^x^i/ayfeM 

1 H — NMR (4 0 0MHz, CDC1 3 ) 50. 91 (t, J = 6. 8Hz, 3 
H), 1. 06 (d, J = 6. 8Hz, 3H), 1. 2 2-1. 4 0 (m, 2H), 
1. 4 0-1. 5 8 (m, 2H), 2. 2 5-2. 3 7 (m, 1H), 3. 37 (d, 
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30 0ml©3on77^3(: s (S) — 2 — •^•= 3 r1^ / —;V 6 . 3 g (6 2mm 
o 1 , 99. 7%ee) £ h V xf;l/7 ^13ml (93 mm o 1 h WtM^ 
/VI 2 6 m 1 ^ttiAA,fc 0 ^0^#^§r7X^U, ^ ^ ^A-xJwl^ n y K 5 . 
7ml (74mmol) £?STbfc 0 ^©t 3 0 ftWtW UfcfL l&fP^T^ 
~«7Azk|«4 0ml i*20ml L-CKJ&£r#lt $i^7Wf £;&Jli bfc D 

^BIM^rfi&Sl^T -7 J±7kBW 2 0ml ^l&fP^TK 20ml "Ci5fc#\ ffit 

m-r?*i/VJ*'v&tik£itfr 0 m-m&^v, m. (s) -2-^^^/^-^ 

m^fyio. 8 g m $e>m#»Ki-«wi:J5:<2feoSJSH:fflv^ 0 

1 H — NMR (4 0 0MHz, CDC1 3 ) 50. 92 (t, J = 7. 1Hz, 3 
H), 1. 2 5-1. 4 5 (m, 4 H) , 1. 42 (d, J = 6 . 3Hz, 3H), 
1. 5 5- 1. 6 5 (m, 1H), 1. 6 8- 1. 7 9 (m, 1H), 3. 0 0 (s, 
3H), 4. 7 5-4. 8 4 (m, 1H). 

5) (R) - (1 -^;W<;/3VV) ?pyf^xf;KD^ 

ssaft084-e#e>*T/fca (s) -2-^y^^/mv'^t > /io. 8 

g tva ^Stv^^/H 9 . 2 g (12 Ommo 1 K DMF 3 2ml£r200m 
1 (Dt^l7 7 * ^tfcjA/yfc 0 U 6 0%7X^b^ M> 17^ 

(»#) 4. 8 g (1 2 Ommo 1) ^»Ufc 0 -^©#6 0°Cl?lB#FmL 8 0°C 
-C 3 B#^^jS $ ^tzM., m^XmnmtT ^E-~ >7 -AtK^ 5 0 m 1 i: 7K 1 0 

m i bTH^^#it $*t„ m&m*mwt^^ l O O m 1 -e»j±j U 

^Jl ^TTk 3 0 m 1 -C 2 HI £ f&f n^7K 3 0 m 1 Xtfc&, J«-^ ^ v- !7 ^ "C^M 
£*fc 0 ^I?rf4i, ixy #^/V;*7^i^ h?97 J—fcxmm^, (R) 
- (1 -^f^yf/V) 7a7^7xf/^12. Og (iS-fe?fi^Ws 4 9 
mm o 1 , 8 2 %) #fc 0 
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iH-NMR (4 0 0MHz, CDC 1 3 ) 8 0. 8 9 (t, J = 6. 9Hz, 3 
H), 0. 98 (d, J = 6. 6Hz, 3H), 1. 27 (t, J = 7. 1Hz, 
6H), 1. 15-1. 45 (m, 6 H) , 2. 17-2. 29 (m, 1H), 3. 
22 (d, J = 8. 1Hz, 1H), 4. 19 (q, J = 7. 1Hz, 4 H) . 

(H«!]6) (R) - (l-^/w^^vv) vpyfo^ 

mmm 5 T»nbnfr (r) - ( 1 ^/wo-^vio ^m^^^ 1 1 . 

7 g ( 4 8 mm o 1 ) £ 2 5 %7KSHfc^ MJ # A^SSft 2 3 g ( 1 4 4 mm o 1 h 
y _ /V 5 . 9ml, *24ml^l00ml (D^^m? 7* =* fctta&^^o 
r.(D^^^6 0 o Clr2R#f^K^$*^^ g^CTiSil 3ml IriiDtt 

fco »®if^ ^tV9 0ml iftt^H8ml frbmtifl^, (R) 
- (1-pJ^/^^^/W) vpy|^6. 5g (6-fe*&tKil£ifiK 3 5mmol, 
W 7 2 %) #fc 0 

1 H — NMR (4 0 0MHz, CDC 1 3 ) 6 0. 9 0 (t, J=6. 7Hz, 3 
H), 1. 07 (d, J = 6. 8Hz, 3H), 1. 21-1. 41 (m, 5 H) , 

1. 4 6-1. 5 6 (m, 1H), 2. 2 2- 2. 3 3 (m, 1H), 3. 39 (d, 

J = 7. 3Hz, 1H). 

mMM7) (R) -3-^^/^^ri^^^^ 

mnm3x«nbfrK. (r) - a-^f-^-ff-^) ^n^4. 5 e g (26. 

2mmol) ^5 0 m 1 ©^*^:7 7* = fctb5&#-s 1 8 OttWllfc. Mf£ 

J&fe£r3&BS!S®U (R) -3-^?Vl^^f-vm£r2. 05g (^#,?ft^«> 
||7 7t/3mmHg, 15. 7 mm o 1 > U$6 0%) #fc 0 ^ fV^<0 
ffe^ ^^#jfijtte9 9. 2%e e "T?fcofc ( S u p e 1 c o , /3 -DEX 1 2 0, 
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inj. 2 5 0°C, FID2 5 0°C, Det. 2 5 0°C, Ovenl3 0t;)o 
'H-NMR (40 0MHz, CDC1 3 ) 60. 90 (t, J = 7 . 1Hz, 3 
H), 0. 96 (d, J = 6. 6 Hz, 3H), 1. 16-1. 44 (m, 4H), 
1. 91-2. 05 (m, 1H), 2. 15 (dd, J = 1 4. 9, 8. 1Hz, 
1H), 2. 35 (dd, J = 1 4. 9, 5. 8Hz, 1H), 11. 00 (br 
s, 1H). 



mMM8) (R) -3-*'?fi>^7'#'ym<D&f& 

mMM6X^ibtltc (R) - (1-^/1^^/1") vnyi3. 0 0 g (1 
5,. 9mmol) §r 2 O m 1 (D-f^W.? 7 X =» fctfcSZ^ 18 0°CI:#filfc o 

fe£/»£MJ£^U (R) -3-^/WV7°^:/®|£rl. 6 9g (^-fett^ 

MM. 8 6 °C/ 4mmH g x 11. 7 mm o 1 , » 7 4 %) #fc D 
1 H — NMR (4 0 0MHz, CDC1 3 ) 50. 89 (t, J = 6. 8Hz, 3 
H), 0. 97 (d, J = 6. 8Hz, 3 H) , 1. 17-1. 39 (m, 6H), 
1. 8 8-2. 0 3 (m, 1H), 2. 14 (dd, J = 1 4. 9, 8. 1Hz, 
1H), 2. 35 (dd, J = 1 4. 9, 5. 9Hz, 1H) 11. 36 (brs, 
1 H). 



mnm9) (r) -3-^f;^tyt©^ (Wit^mm) 
mm^muT, (r) - (i-^^^^a-) -^o^i. oo g (5. 8m 

mo 1), t°y^y2ml^l 5 m 1 !J ##ltRf tttji^#iitfc, 9 0^C 

^s.^7^ip Lfc D h p l c -e^HJf bfc^ r.5s lE-fbsjSf* 100. 0 %-efeofc 0 



(£E&fe09lO) (R) -3-p«^/^^f-^<D^ (DMSOtl) 
^#fflSCT\ (R) ~ (1 -^/KT'^vl') -^n^^2. 00 g (11. 5 
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mmolK DM S O 4 m 1 1 5 m 1 ©7 i) ##l*Rf fc{tM#t Ufc„ 1 
0 0T^fe£O&£W&U 14 0°C*t7 5#)WC#fi N Mi- 2 0^^im#U 



(HJt^lii) (r) (tl^ift) 
Mt^ffltCTs (R) - (1 -^^VK/^VV') -rn>-It2. 0 0 g (11. 5m 
mo 1 h tf y v^l 8 2mg (2. 3 mm o 1 ) £r 1 5 m 1 9 f*#*OM?te 
it3A^#?aUfCo 1 0 O'C^b^S^HteU 1 5 0°C*-T?9 5#a»tf"CjM&* 
M^l 5^-^m#bfc^, Ufco HPLCt?Mbfctr5, 3frfb$s 

ii 1 0 O . 0%T?fco7Co 



(^M#!J12) (R) -3-^^/V^^i^^O^ (DABCO») 
^Pff#ISMT^ (R) - (1-^^-7^/V) -^t2>-^2. 00g (11. 5m 
mo 1 ), 1, 4-v>7f t^^n [2. 2. 2] (DABCO) 258 

m g ( 2 . 3mmol)|15mlO^!) tt^WfeWteft&^IM&Urtlo 1 0 0°C 
3&*bSJS&#ISI*&U 1 4 0°C^T?9 5^*>ttT#m, Hi- 1 5^fal3t#bfct£ N 



(Hl^ia) (R) (DBUiJP) 
^St#BI5CT> (R) - ( 1 - ^vK/^A') -^n^2. 00 g (11. 5m 
mo 1), 1, 8-^Tiftfv-^n [5. 4. 0] (DBU) 3 

5 0mg (2. 3mmo 1 ) Sr 1 5 m 1 U #f WWf ttba*#flLfc. 1 
1 OtJ^feKJtS^PBMU 140W5 0#/WT#?^ SiC 2 O^faljf^b 
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mmm 14) (r) - 3 - * ^/w^^m^-a^ m*mmki& - tr u 
m 

lifi^T. (R) - ^Ta^gfcl. 00 g (5. 8mm 

o 1 K \£V%?l/2m 1 £r 1 5ml <D*V ttZVW&te.itjLfr* feKBfcgt 2 9 4m 
g (2. 8 8mmo 1) £r» Lfc 0 ^IS."? 2 R#|W, 40 o C^lH#TOM, ^ 
Mfc^SP Lfc 0 HPLC -C##f b fc £ r 5 s 3fete*te 9 9. 8 % "C*> o fc 0 



(H»ji5) (r) -3-*^/^*-y-^M(D&)$ mmmtoo 
mmmmn.'r, (r) - (l-^f-^f-M -wymz. oo g (n. 5m 

m o 1 ) N m^. 1 1 3 m g (1. 15 mm ol) ^15ml©^!J tt#fURWfctfc 
i&^-#S.Lfc 0 1 3 Ot^feSJ&flSHM&U 18 0W10 0#d>tf"C#«k 

(±100. o%-efeofc 0 



(HJS^16) (R) (Fe 304ljM) 

titiMT, (R) - (l-^fvW^/VO voVt2. 00 g (11. 5m 
mo 1 K Ifcffctfc (Fe304) 40mg ( 2 w t %) & 1 5 m 1 <DXDtt%&m 

**ffc* J* 10 0. 0 % "Cfc o fc 0 



mmrnn) (r) -3-^^/1— ^f-v^^ c^wra (1) mn) 
mmmmnr. (r) - u-^^^y^M -^0^2. oo g (11. 5 

mmo 1 K SMfclg (I) 82. 8mg (0. 5 8 mmo 1 ) N b V ^ 2 
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(R) - 3-*^;^*y-^m.cD&r& (WJ^l) 
«f#ffl^T> (R) - -ea^gt3. 00 g (17. 2m 

mo 1) ^ri-^M77^3^tt5A^-#^.bfc 0 1 3 0°C^fe>^^H^b. 1 8 
0°C*t?7 5#iWC#M§., 35^1 5#Kj£#Lfc&, I?fiMLft 0 HPL 

c -e##f ufc £ r ^> N mitmu ioo. o % -cfc o fc 0 

JrfE UfcHWij 9/5^1 8 O^Sr^TO^ 5 ^"To 



*5 







* 


mm 


* 




mm 




9 






Pyridine 


2VR 


90~130 


2.4h 


100% 


10 






DMS0 


2VR 


100~140 


1.6h 


100% 


11 


Pyridine 


0. 2MR 






100~150 


1. 8h 


100% 


12 


DABC0 


0. 2MR 






100—140 


1. 6h 


100% 


13 


DBU 


0. 2MR 






100—140 


1. 2h 


100% 


14 


Ac 2 0 


0. 5MR 


Pyridine 


2VR 


rt— 40 


3h 


100% 


15 


H 2 S0 4 


0. 1MR 






130—180 


2h 


100% 


16 


Fe 3 0 4 


2wt% 






130—180 


2h 


100% 


17 


Cu 2 0 


0. 05MR 


CH 3 CN 


10VR 


80 


6h 


64% 


18 










130—180 


1. 5h 


100% 



mifcmiS) (S) - 2 

2 LCD-ir/^^^Vv^^^^^, (S) -2—^1/$;—^ lOOg (1. 1 
3moK 10 0 % e e ) Sr^i" Z>mk^ 4 17gtM) xf;V7 ^ 
yi49g (1. 47mol) *ti3hktz. 0 - <Df«£r 5 °C(C^*!] U ^ ^ 

/V^ a!) K 1 5 6 g (1. 36mol) bfc Q ^cD#, ^S."C 1 R# 
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ino %^tK 2 6 7 g £«3 bfcm, 5 %^tK*^- b V 9 ATk^^vKJl <£> 

IhI^DtMU, & (S) - 2 - ^ ^ y^/W^^/Vt^^^^ ^ 191 g (^fi 
-feftWfelSts •fb^l« 9 3. 5 %. 1 . 0 7 m o K 94. 6 %) £r#fc 0 

(HJ£#i] 2 0) (R) - ( 1 - * f-^^;V) ~? X2 l/Mi?^^<V'£?J& 

4 0 0 0ml (D-t^^y*^? ^^=i^60 %7K*-fh-^ h P V ^ (iftt£) 7 1 . 
7g (1. 79mo 1), TH F 6 0 5 g £tt&A,f£ 0 ^ n ^®£v^:7vP 2 8 7 g 

(1. 7 9mol) tTHF 2 8 . 4 g 5-4 0 t^Jt&SfclTLi TH 
F.2 8. 4 gT?^VN^Lfc 0 6 5~7 0tt#S^ ft (S) - 2 
*=;m^>^^2 6 6 g (^SJ^ 8 0 . 1%, 1. 2 8mol) £ THF 2 
8. 4 g%mtolsfc 0 ^(D'&MffiT 6H#M£OS£-arfc^ ^^T7K6 3 8ml 

LT, IB. (R) - il-^^-7Vy^;V) vny|^f;^44 3 g 
ftf, 11^5 9. 9%, 1. 15moK W90. 5%) £r#fc 0 

(^S«!J 2 1 ) (R) - (1-^/K/^vV) ^ct^<D^ 
& (R) - ( 1 — * ^/^^-^) <r Vli/^f/V 4 3 9 g (^&^ 5 9. 9 %, 
1. 14mmol) t 2 5 %7Kt^t h P Azk«6 6 5 0 g (4. 0 4mo 
1 ) N 7K7 9 7m 1 £:4 0 0 Om 1 (D±s<9 7 * =< S^tt^A^ r<D?H£-^ 

^6 5 - 7 0r^6B#P^J££i±-fcfL ^*PbfCo Sj^ttBU 
I£4 2 1 g (4. 0 5mol) &7 ? ^^^\&khtz3fc^ .KJ&^Sr^T Ufc 0 ?H 
pHttl. 1 -efcofco iS^SrS^Bft^^^ 7 1 7 g -e^m bfc 0 ^"HiS 
£0. 2 6Mti5 3 2ml»U h/l^>"T?K^Lfc 0 f/V 

iy9 7 4 g^felfU (R) - (l-^f/^f^) ^rta^SISrl 7 0 g (£ 
fe^^H. I«9 5. 3%, 0. 9 3 lmmo 1 N H» 8 1. 7%) #fc„ 
9/l^*r©Jl&&* 3t«tt9 9. 7%e.et?«>ofc. 
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(MtMrn 2 2 ) (R) 

&H*3£BM1T, t° y i?y 8 9 g ^ l L rot ^17 7^=" i-tf:^ nott 

(R) - -^n^ttl 4 0 g (7 6 6mmo 1 N 1®M 

9 5. 4 %) tf V 1 4 7 g lz:?&S?£*fc.Jg$ft3: 5 BflWjW-riBTFUfco £ 

e>mi[^w»#bfc«, incj^u, (r) -3-^^/^^rf->-m»t: o y 

3 2 9 g &r#fc 0 HPLC T##f Ufc £ r 5s (E-fb^tt 10 0%, Jt«fc:5£ 

50&-C#fe;ft>fc (R) -3-^f;^fyil6 9g (1. 2 9mmol) 
Sr^if fc° U S^Jgtt 7 5 4 g £r$*J 5 0 T o r r T?i£JBEil® bt t° V ^£rl&* U 
& (R) -3-^f/^fy|||:19 7g#fc, -<ot (R) -3-*^vw^ 
SMf^Ifcl 9 0 g£^l OTo r rtlff U (R) - 3 - ^ ^/W^i^gfcSr 1 
52g («S£ift4fc4feflI % 1. 17moK lR$9 0%«g9 9. 3 %) #fc„ 
^r^/^W^^m, ift^f^te 9 9. 5 % e e T?feofc 0 
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i . n&Mm b < mmmmfcM^ m^^mm u < mmmmm. mutk 

f&mz£ZWl&!M&Vte^&Mft&2-^^# S ls\£fcm£ltft.b%\^ 9 5%e. 
e. $l±(oyt¥MLM(D (S) -2-^y^ywHr^t5ii^t, fao*:<D 
t»lmg (S) -2--O-^y-^/g^0f«*/B#P^ WJb-trfe6i 

b < f±JBei&^*l^s RXP/X ft , WSk^Ms^ b < f£« ^ # h ti 5 $> ^ 

~/i>m^mmmft(Dmmmm^^<femmm&, 2— ^y^i^m^^:, (s) 

- 2 ^ 7 -/V^M3ti-S #8c-C fc o T % b < tt^JHBlfe#:#PliadS s 

e. ^±(D^m&(D (S) -2^t;-;V^t5^^m^ ^O^rtD 
tWimg (S) -2— ^ty-^/g^ilMi/^ &Jn?i8>5^ 

(Brettanomyces) Us ^-r^T^-f^* (Candida) 1 N zfr/l^T (Hortaea) JjS v 4 
ff iy^r7 (Issatchenkia) 1, oyfoW*^ (Lodderomyces) 1, t°^r 
T (Pichia) I, n K h;V7 (Rhodotorula) Ms T/V^ o * — (Arthrobacter) 
J! „ ^ W tf ^ T" U A (Brevibacterium) JR N # h ? T V J* 
(Crutobacteriura) M % ^^"^^/V^ (Geobacillus) A % 5 ^ P ^ ^ JJ 
(Microbacterium) Ms ^ ^ P (Ochrobactrum) H % a? 7 = V $> * 

(Paracoccus)JRs P ^ tf ^ ^ (Rhizobium) Ms n K=* y # * G&odococcus) JRj&»E> 

*«^«fc5 3BHf*i,si»:^4fc, mm&votimyo. &m$ito%&im> wxn, ss 
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^ (s) -2— (s) -2^t;-/v^$«: b*W$k 
blrZ-myt^mm (S) -2-^^/-^Xtt (S) -2— ^t;-;wl3l* 

fee 

(Brettanomyces) Jg N ^t^fV/ (Candida) tfc/l^T (Hortaea) I, -f 
U^^i^T (Issatchenkia) 1, n y fo ^-f "fe^ (Lodderomyces) I, tfdf 
T (Pichia) JS, o K^7 (Rhodotorula) JR. T/^X n * — (Arthrobacter) 
JS N :/ 1/ fc* ^ y !7 (Brevibacterium) JK x ^/^h^^-ry^A 

(Crutobacterium) 1, <7* ^~ ^ ^ /V * (Geobacillus) JR % ^n/^r!) 
(Microbacterium) 1, Jrl? xis<>7 h 9 A (Ochrobactrum) I, =i -y$> X 

(Paracoccus) V yf\?&J* (Rhizobium) JR N n Kay^ (Rhodococcus) Mfr <b 

(s) -2-^^^y— /vxte (s) -2-^=¥i^y— ;v^4)^§-f§^tl:#f i 
i^iS^^S (s) -2-^y^/-;vxtt (s) /l^<D^3t^ 0 

5. IzttW^ ^Wy^/Wt^'^^tW^ (Brettanomyces 
bruxe liens is) % ^V^y^/T^ft^ • 77-77^ (Brettanomyces anomalus) s $c 
■Y^fVy'^TV-^ (Candida famata), ^ ^ • 9 /V-feW (Candida 

krusei), ^r-Y ^"T^ ^ • h—tf" (Candida maltosa) s VT-f ^ • h n fc 9 

7J y * (Candida tropicalis) , ^t^f-f ^ ' (Candida 
zeylanoides) N T^/VTT • 17^ 5/ (Hortaea werneckii) „ 4 •^-'f-ai'y^rT • 

^7-^ (Issatchenkia scutulata), P P^-f tTs • xny^*°7 
^ (Lodderomyceselongisporush t 0;3 rT • YZ/Jf^ $ (Pichia angusta) , tf^T • 
-^jy-feW (Pichia besseyih t°^7 • # ^ h7^f7 (Pichia cactophila) % t°^r 
T • -feaflfrc^^^ (Pichia segobiensis) % fcT^T • ^/"W^ (Pichia 
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spartinaeK tf^T • bWM3 7^7 (Pichia trehalophila) , n Kh/W7 • 5: 
— 9 (Rhodotorula minuta) „ T/V-X • Jr$r^<?^^ (Arthrobacter 
oxydans) N T )V7. xx /< ? % — • ]) J? u X (Arthrobacter polychromogenes) ^ 

~T 9 t 9 — (Arthrobacter sp. h 

17 :* (Arthrobacter sulfurous) N -? \s If 9 T V !7 A • ~f $ ~ 7J ^ 
(Brevibacterium butanicum) N !>A • 77^5^77 S^ai 

(Curtobacterium f laccumfaciens) , f?#rs* t ?-A'X • ^ ^ T n f-*7 ^77 
(Geobacillus stearothermophilus) , >7n/^Ty7^"7-77/!Jf7JA 
(Microbacterium keratanolyticum) x 57n^7fy7^' t^^7'^ 
(Microbacterium saperdaeh 5^n/^7ry ^ ^ (Microbacterium sp. ) , 
^^n/^T^y r^A • ^^^-fcr^i* (Microbacterium testaceum) N xx/^y^ 
A • T >- h n tT— (Ochrobactrum anthropi) „ t^P/^ f7^ '^^t^ 
(Ochrobactrum sp. ) (v'.a. — K-=E-*7^^ • $rs* V X (Pseudomonas ovalis)K ^7=" 
y # * • 7^— h y ^7 -f 7J l'* (Pracoccus denitrif icans) , r/t^A«7 i?^"^ 
^ 9 — (Rhizobium radiobacter) n K^5/7J7 • (Rhodococcus 

sp. ) ( n ij ^ 7 f P 17 A • ^ Ko^^^'^7^^^ (Corynebacterium 
hydrocarboclastum))^b&5i¥<i; 0 3HtftbSDfc^*^*>S i feSr^tSW 

6. 2-^-^9/ ^Xte 2-^^iJV TIB (A) ~ (F) OfpTtt^^D 

£<S\ (S) -2— O^y — ;i/Xtt (S) -2^t/-;^4^$*5rt5r# 

mt-tzm^mm (s) -2--<^^y— /uxn (s) -2-^^/-/^$^ 
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(d) wzm^t 2 dna 0 

^ fc lift £ T V > 3 ittlB^J b , # /W-tf~/l^ £t3Stg b T Tfc^ttT /V = 

7. TI5-^ (1) 

R ^CQ 2 H 

C0 2 H ( x ) 

(5£<=k R 1 f^fffifc 3 ~ 5 (DTVl^/l/S&r^b, * te^^^tSr^-To) 
-e^^tbS^^tt^^-rs (R) Xte (S) -l-^^T^wnyfl: 

tib-^ (5) 

r1 ^co 2 h (5) 

«^tt§ (R) X« (S) -3-p«^/^/V2j?vife<^$43t^o 

8. Tf5— JKs* (2) 

OH (2) 

(5£<tu r 1 tt^it 3 ~ 5 b *u^mM&7F'r 0 ) 
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(3) 

X (3) 

R 3 (9) 

R 3 (4) 

(1) 

Ri4r c °2 H 

C0 2 H ( ! ) 

OCT, R^^tijfB^^-efe^, *{*^^^r^-ro) 
-C^^tbS (R) X« (S) - 1 -^^/l/T/V^r/^n>-@i(D^3t^o 
9. TIE— (1) 



R 1^C0 2 H 

C0 2 H ( ! ) 

RM«f 3-5 ©T/l^/l'X^U *^^^^r^-ro) 
•e*$^§)fefMS^9 0%e e Ji(±-efe5 (R) -l-^f/VTM/Wny 
@l, Xte, (S) -l-^f;W^;wpyf D 
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m9KWM.(D (r) -l-^W/v^pyi, 3m, (s) -l-^f/vr 
1 1. 2— / ^iRjSUT (S) -2--<^/ — 7V^^0r^^m\^^ 
^ie:j;^tuM^b^v^0{*^2-^>'^y >-^^ffl^-*fci 9 5%e. 

e. J^J=.£>^«<D (S) — ;l'&£&1rZ>Zb&'T?%, frO^:<D 

^mm^ lomg (s) -2-^>-^y — /u/ g ^#0f«*/B#K W-b-e 3 

i^m^^r, (S) -2-^<> $ J -;V^b^M\^, #£>ftfc (S) -2-^-1/? 
x/uft-MkMkKfoZ&ZZbiZLX 9 ^ TfB-$£5£ (6) 

R*V 

* (6) 

1 2. 2-^^r^/ ^KJ^bT (S) -2-^^/— /^££j&i-&?£tt3rW 

^CJ:6tfj^ ; lrb^V^B#:^2-^^f-y 9 5%e. 

e. J^_h<D^IW<D (S) -2^ty-/^4^t5rt^$, ^o^tf) 

fejgtt^ i o m g ( s ) - 2 -^f- y — /v/ g ^^mf«4/B#P B 1 ^_h-e& 6 

(S) -2-^f/-/^^«U #"btlfc (S) -2— ^f-y — 
£ N ^/^^/H^J^HiS^^rSiir^cfc.D. TIB— ^ (6) 
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X (6) 

«$tb67te^ttf^^^-rsr k&i£tt, — J&St (6) 

1 3. nbfit~m& (6) ^SftSft^EHfcft:*:, W&fc&rF. 
(9) 

R 3 (9) 

/&&7f1t 0 R 2 i:R 3 fi— frfcs&o-cai4fe«3ftSr^brt) £v\) 

T?*£;h,5&#3fcR#J£^&it\ TfS-IS:^; (7) 

R 3 (7) 

(^f, R 2 WR 3 J2 S tufBtma-efc^o R 4 ^n-ynt>lXlin-^ 

T^$tv5^?Stt'fb#^«mi-SX©^$ bl-^t?, IMt^U Uiii 2fc 

i 4 . it^ii 1 1 xt± i 2 (cia«<D^fc j; 19 ( 6 ) -e^ $ 
tb^^^tt^^s m&tm-r. — «^ (9) 

R 3 (9) 

^^tLS^^WJi:^^*, TIE— (7) 

k (7) 
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SEQUENCE LISTING 
<110> API Corporation 

<120> A method for the production of optically active alcohols and 

carboxylic acids 

<130> A51051A 

<160> 13 

<210> 1 

<211> 345 

<212> PRT 

<213> Issatchenkia scutulata 
<400> 1 

Met Ser Asn Lys Thr Val Leu Val Thr Gly Ala Thr Gly Phe He Ala 

15 10 15 

Leu His He He Asp Asn Leu Leu Ser Lys Gly Tyr Ser Val He Gly 

20 25 30 

Thr Ala Arg Ser Gin Ser Lys Tyr Gin Pro He Leu Asp Ala Phe Lys 

35 40 45 

Lys Lys Tyr Pro Asp Ala Asn Leu Thr Phe Glu Val Val Pro Asp He 

50 55 60 

Ser Thr Glu Asn Ala Phe Asp Asp Val Leu Lys Lys His Pro Glu He 
65 70 75 80 

Thr Ala Val Leu His Thr Ala Ser Pro Phe Ser Phe Gly Leu Asn Lys 

85 90 95 

Asp Leu Lys Glu Ala Tyr Leu Lys Pro Ala Val Asp Gly Thr Leu Asn 

100 105 110 

He Leu Lys Ala He Glu Lys Tyr Ala Pro Gin Val Thr Lys Val Val 
115 120 125 
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lie Thr Ser Ser Tyr Ala Ala He Met Thr Gly Asn Pro Ser His Val 

130 135 140 

His Thr Ser Glu Thr Trp Asn Pro He Asn Trp Glu Asn Asp Val Lys 
145 150 155 160 

Asn Glu Tyr Phe Ala Tyr He Ala Ser Lys Thr Tyr Ala Glu Lys Ala 

165 170 175 

Ala Arg Asp Phe Val Lys Glu His Lys Val Asn Phe Lys Leu Ala Thr 

180 185 190 

Val Asn Pro Pro Tyr Val Leu Gly Pro Gin Leu Phe Asp Phe Ser Val 

195 200 205 

Gly Pro Val Leu Asn Thr Ser Asn Gin Leu He Thr Asp Ala Thr Lys 

210 215 220 

He Asp Lys Asn Ser Thr Lys Pro Glu Leu Gly Thr Pro Ala Leu Ala 
225 230 235 240 

Val Asp Val Arg Asp Val Ala Ala Phe His Val Leu Pro Leu Glu Asp 

245 250 255 

Asp Lys Val Ala Ser Glu Arg Leu Phe He Val Ala Gly Pro Ala Val 

260 265 270 

Val Gin Thr Phe Leu Asn He He Asn Glu Asn He Pro Glu Leu Lys 

275 280 285 

Gly Lys Val Ala Leu Gly Asp Pro Ala Ser Glu Lys Glu Leu He Glu 

290 295 300 

Lys His Thr Asp Lys Tyr Asp Leu Thr Asn Leu His Asn Val He Gly 
305 310 315 320 

Lys Tyr Asp Phe He Pro Val Glu Lys Ser Val Val Asp Val Leu Glu 

325 330 335 

Gin Tyr Tyr Lys He Asn Lys He Asp 
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340 345 

<210> 2 
<211> 1038 
<212> DNA 

<213> Issatchenkia scutulata 
<400> 2 

atgtcgaaca aaacagttct agtcaccggg gctaccggtt ttattgcact acacatcatt 60 
gataatttat tgtctaaggg ttattccgtt attggtacag ctagatccca atctaaatat 120 
caaccaatcc ttgatgcttt caagaaaaaa taccctgatg caaatttgac ttttgaagtt 180 
gtccctgaca tctccactga aaacgcattc gatgatgttt tgaagaagca tccagaaatt 240 
actgctgtcc ttcacacagc atctccattc tcttttggtt tgaacaagga tctgaaggaa 300 
gcatatttga agcctgccgt tgatggtact ttgaatattc tcaaggcaat tgagaagtat 360 
gcaccacagg ttactaaagt tgttatcaca tcttcttatg ctgcaattat gacaggtaat 420 
ccaagtcatg tccacaccag tgaaacctgg aacccaatta attgggaaaa cgatgtgaag 480 
aatgaatact ttgcatatat tgcctccaag acgtatgctg aaaaagctgc gagagatttt 540 
gtcaaggagc ataaggtcaa tttcaagtta gcaactgtta acccaccata cgttctgggt 600 
ccacaattat ttgacttctc agttggtcca gtcttgaaca cttccaacca attgatcacg 660 
gatgcgacta aaattgataa gaactctact aagccggaat taggtacacc agctttagca 720 
gtcgatgtta gagatgttgc tgcgttccat gttttaccat tggaagatga taaagttgca 780 
agtgaaagat tatttattgt tgctggtcca gcagttgttc aaacattctt aaacatcatc 840 
aacgagaaca ttccagaact taaaggtaag gttgccctag gagatccagc ttcagagaag 900 
gagttgattg aaaagcacac agataagtat gatttgacaa atcttcacaa cgttattggt 960 
aaatatgatt tcattccagt tgaaaagtcc gttgtcgacg tcttagaaca atattacaaa 1020 
atcaataaaa ttgattag 1038 
<210> 3 
<211> 344 
<212> PRT 
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<213> Saccharomyces cerevisiae 
<400> 3 

Met Ser Asn Thr Val Leu Val Ser Gly Ala Ser Gly Phe He Ala Leu 

15 10 15 

His He Leu Ser Gin Leu Leu Lys Gin Asp Tyr Lys Val He Gly Thr 

20 25 30 

Val Arg Ser His Glu Lys Glu Ala Lys Leu Leu Arg Gin Phe Gin His 

35 40 45 

Asn Pro Asn Leu Thr Leu Glu He Val Pro Asp He Ser His Pro Asn 

50 55 60 

Ala Phe Asp Lys Val Leu Gin Lys Arg Gly Arg Glu He Arg Tyr Val 
65 70 75 80 

Leu His Thr Ala Ser Pro Phe His Tyr Asp Thr Thr Glu Tyr Glu Lys 

85 90 95 

Asp Leu Leu He Pro Ala Leu Glu Gly Thr Lys Asn He Leu Asn Ser 

100 105 110 

He Lys Lys Tyr Ala Ala Asp Thr Val Glu Arg Val Val Val Thr Ser 

115 120 125 

Ser Cys Thr Ala He He Thr Leu Ala Lys Met Asp Asp Pro Ser Val 

130 135 140 

Val Phe Thr Glu Glu Ser Trp Asn Glu Ala Thr Trp Glu Ser Cys Gin 
145 150 155 160 

He Asp Gly He Asn Ala Tyr Phe Ala Ser Lys Lys Phe Ala Glu Lys 

165 170 175 

Ala Ala Trp Glu Phe Thr Lys Glu Asn Glu Asp His He Lys Phe Lys 

180 185 190 

Leu Thr Thr Val Asn Pro Ser Leu Leu Phe Gly Pro Gin Leu Phe Asp 
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195 200 205 

Glu Asp Val His Gly His Leu Asn Thr Ser Cys Glu Met He Asn Gly 

210 215 220 

Leu He His Thr Pro Val Asn Ala Ser Val Pro Asp Phe His Ser He 
225 230 235 240 

Phe He Asp Val Arg Asp Val Ala Leu Ala His Leu Tyr Ala Phe Gin 

245 250 255 

Lys Glu Asn Thr Ala Gly Lys Arg Leu Val Val Thr Asn Gly Lys Phe 

260 265 270 

Gly Asn Gin Asp He Leu Asp He Leu Asn Glu Asp Phe Pro Gin Leu 

1 275 280 285 

Arg Gly Leu He Pro Leu Gly Lys Pro Gly Thr Gly Asp Gin Val He 

290 295 300 

Asp Arg Gly Ser Thr Thr Asp Asn Ser Ala Thr Arg Lys He Leu Gly 
305 310 315 320 

Phe Glu Phe Arg Ser Leu His Glu Ser Val His Asp Thr Ala Ala Gin 

325 330 335 

He Leu Lys Lys Glu Asn Arg Leu 
340 

<210> 4 
<211> 18 
<212> PRT 

<213> Issatchenkia scutulata 
<400> 4 

Arg Asn Lys Thr Val Leu Val Thr Gly Ala Thr Gly Phe He Ala Leu 

15 10 15 

Asp He 
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<210> 5 
<211> 15 
<212> PRT 

<213> Issatchenkia scutulata 
<400> 5 

Val Val He Thr Ser Ser Tyr Ala Ala He Met Thr Gly Asn Pro 



1 


5 


<210> 


6 


<211> 


23 


<212> 


DNA 


<213> 


Artificial 


<220> 




<223> 


PCR primer 


<220> 




<221> 


misc_feature 


<222> 


(3).. (3) 


<223> 


n; inosine 


<220> 




<221> 


misc_feature 


<222> 


(6).. (6) 


<223> 


n; inosine 


<220> 




<221> 


misc_feature 


<222> 


(15).. (15) 


<223> 


n; inosine 


<220> 




<221> 


misc_feature 



6/12 



WO 2005/075651 

<222> (18) . . (18) 

<223> n; inosine 

<400> 6 

acnggnttya thgcnytnga yat 

<210> 7 

<211> 26 

<212> DNA 

<213> Artificial 

<220> 

<223> PCR primer 
<220> 

<221> raisc_feature 

<222> (6).. (6) 

<223> n; inosine 
<220> 

<221> misc_feature 

<222> (9)..(9)<223> n; inosine 

<220> 

<221> misc_feature 
<222> (18).. (18) 

<223> n; inosine 
<220><221> misc_feature 
<222> (21).. (21) 

<223> n; inosine 
<400> 7 

ggrttnccng tcatdatngc ngcrta 
<210> 8 
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23 
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<211> 341 
<212> DNA 

<213> Issatchenkia scutulata 
<400> 8 

cattgataat ttattgtcta agggttattc cgttattggt acagctagat cccaatctaa 60 

atatcaacca atccttgatg ctttcaagaa aaaataccct gatgcaaatt tgacttttga 120 

agttgtccct gacatctcca ctgaaaacgc attcgatgat gttttgaaga agcatccaga 180 

aattactgct gtccttcaca cagcatctcc attctctttt ggtttgaaca aggatctgaa 240 

ggaagcatat ttgaagcctg ccgttgatgg tactttgaat attctcaagg caattgagaa 300 

gtatgcacca caggttacta aagttgttat cacatcttct t 341 

<210> 9 

<211> 28 

<212> DNA 

<213> Artificial 

<220> 

<223> PCR primer 
<400> 9 

agggttattc cgttattggt acagctag 28 

<210> 10 

<211> 31 

<212> DNA 

<213> Artificial 

<220> 

<223> PCR primer 
<400> 10 

gagaatggag atgctgtgtg aaggacagca g 31 
<210> 11 
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<211> 1212 
<212> DNA 

<213> Issatchenkia scutulata 
<220> 

<221> CDS 

<222> (55).. (1092) 

<223> 

<400> 11 

tcatgacctg tccactgata gcatcatacc aaacatattc agtatattgt aaca atg 57 

Met 
1 

teg aac aaa aca gtt eta gtc ace ggg get ace ggt ttt att gca eta 105 
Ser Asn Lys Thr Val Leu Val Thr Gly Ala Thr Gly Phe He Ala Leu 

5 10 15 

cac ate att gat aat tta ttg tct aag ggt tat tec gtt att ggt aca 153 
His He He Asp Asn Leu Leu Ser Lys Gly Tyr Ser Val He Gly Thr 

20 25 30 

get aga tec caa tct aaa tat caa cca ate ctt gat get ttc aag aaa 201 
Ala Arg Ser Gin Ser Lys Tyr Gin Pro He Leu Asp Ala Phe Lys Lys 

35 40 45 

aaa tac cct gat gca aat ttg act ttt gaa gtt gtc cct gac ate tec 249 
Lys Tyr Pro Asp Ala Asn Leu Thr Phe Glu Val Val Pro Asp He Ser 
50 55 60 65 

act gaa aac gca ttc gat gat gtt ttg aag aag cat cca gaa att act 297 
Thr Glu Asn Ala Phe Asp Asp Val Leu Lys Lys His Pro Glu He Thr 

70 75 80 

get gtc ctt cac aca gca tct cca ttc tct ttt ggt ttg aac aag gat 345 
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Ala Val Leu His Thr Ala Ser Pro Phe Ser Phe Gly Leu Asn Lys Asp 

85 90 95 

ctg aag gaa gca tat ttg aag cct gcc gtt gat ggt act ttg aat att 393 
Leu Lys Glu Ala Tyr Leu Lys Pro Ala Val Asp Gly Thr Leu Asn He 

100 105 110 

etc aag gca att gag aag tat gca cca cag gtt act aaa gtt gtt ate 441 
Leu Lys Ala He Glu Lys Tyr Ala Pro Gin Val Thr Lys Val Val He 

115 120 125 

aca tct tct tat get gca att atg aca ggt aat cca agt cat gtc cac 489 
Thr Ser Ser Tyr Ala Ala He Met Thr Gly Asn Pro Ser His Val His 
130 135 140 145 

acc agt gaa acc tgg aac cca att aat tgg gaa aac gat gtg aag aat 537 
Thr Ser Glu Thr Trp Asn Pro He Asn Trp Glu Asn Asp Val Lys Asn 

150 155 160 

gaa tac ttt gca tat att gcc tec aag acg tat get gaa aaa get gcg 585 
Glu Tyr Phe Ala Tyr He Ala Ser Lys Thr Tyr Ala Glu Lys Ala Ala 

165 170 175 

aga gat ttt gtc aag gag cat aag gtc aat ttc aag tta gca act gtt 633 
Arg Asp Phe Val Lys Glu His Lys Val Asn Phe Lys Leu Ala Thr Val 

180 185 190 

aac cca cca tac gtt ctg ggt cca caa tta ttt gac ttc tea gtt ggt 681 
Asn Pro Pro Tyr Val Leu Gly Pro Gin Leu Phe Asp Phe Ser Val Gly 

195 200 205 

cca gtc ttg aac act tec aac caa ttg ate acg gat gcg act aaa att 729 
Pro Val Leu Asn Thr Ser Asn Gin Leu He Thr Asp Ala Thr Lys He 
210 215 220 225 

gat aag aac tct act aag ccg gaa tta ggt aca cca get tta gca gtc 777 
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Asp Lys Asn Ser Thr Lys Pro Glu Leu Gly Thr Pro Ala Leu Ala Val 

230 235 240 

gat gtt aga gat gtt get gcg ttc cat gtt tta cca ttg gaa gat gat 825 
Asp Val Arg Asp Val Ala Ala Phe His Val Leu Pro Leu Glu Asp Asp 

245 250 255 

aaa gtt gca agt gaa aga tta ttt att gtt get ggt cca gca gtt gtt 873 
Lys Val Ala Ser Glu Arg Leu Phe He Val Ala Gly Pro Ala Val Val 

260 265 270 

caa aca ttc tta aac ate ate aac gag aac att cca gaa ctt aaa ggt 921 
Gin Thr Phe Leu Asn He He Asn Glu Asn He Pro Glu Leu Lys Gly 

275 280 285 

aag gtt gee eta gga gat cca get tea gag aag gag ttg att gaa aag 969 
Lys Val Ala Leu Gly Asp Pro Ala Ser Glu Lys Glu Leu He Glu Lys 
290 295 300 305 

cac aca gat aag tat gat ttg aca aat ctt cac aac gtt att ggt aaa 1017 
His Thr Asp Lys Tyr Asp Leu Thr Asn Leu His Asn Val He Gly Lys 

310 315 320 

tat gat ttc att cca gtt gaa aag tec gtt gtc gac gtc tta gaa caa 1065 
Tyr Asp Phe He Pro Val Glu Lys Ser Val Val Asp Val Leu Glu Gin 

325 330 335 

tat tac aaa ate aat aaa att gat tag tttatataga aaattttata 1112 
Tyr Tyr Lys He Asn Lys He Asp 
340 345 
getaaaggee gaatcaactt ctttcttcct cttcaaaaaa aaaaaaaaaa aaaaaaaaaa 1172 
aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa aaaaaaaaaa 1212 
<210> 12 
<211> 35 
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<212> DNA 

<213> Artificial 

<220> 

<223> PCR primer 

<400> 12 

cggaattcat gtcgaacaaa acagttctag tcacc 

<210> 13 

<211> 38 

<212> DNA 

<213> Artificial 

<220> 

<223> PCR primer 

<400> 13 

gctctagatt aatcaatttt attgattttg taatattg 



PCT/JP2005/002093 



35 



38 
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The inventionof claims 1-6 and 11- 15 relates to (S) -2-pentanol or (S) -2-hexanol 
produced by the use of a microbe (or transformed cells) or product of purification 
of a carbonyl reductase fraction obtained from the microbe. The invention 
of claim 7 relates to a process for producing (R) or (S) -3 -methylcarboxylic 
acid by decarbonat ion of (R) or (S) - 1-methylalkylmalonic acid. The invention 
of claim 8 relates to a process for producing (R) or (S) -1-methylalkylmalonic 
acid from an optically active alcohol . The invention of claims 9 and 10 relates 
to (R) or (S) -1-methylalkylmalonic acid. 
Therefore, it appears that there is no special technical feature common to 
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restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 1 , 2 and 6 and part of 
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Continuation of Box No. Ill of continuation of first sheet (2) 

all the claims within the meaning of PCT Rule 13 .2, and that the inventions 
of claims 1-15 consist of four invention groups consisting of the invention 
of claims 1-6 and 11-15, the invention of claim 7, the invention of claim 
8 and invention of claims 9 and 10. 

The matter common to claims 1-6 and 11-15 is "producing (S) -2-pentanol 
and (S) -2-hexanol with high optical purity by causing a product of crude 
purification or purification of a carbonyl reductase fraction obtained 
from a microbe or transformed cells to act on 2-pentanone and 2-hexanone, 
respectively". However, reference 1 (Biosci. Biotechnol . Biochem. 

(1999), Vol.63, No. 10, p. 1721-1729) describes a process for producing 

( S ) -2 -hexanol with high optical purity by reducing 2-hexanone with the 
use of (S) -specific secondary alcohol dehydrogenase obtained f romNocardia 
fusca by purification, and that 2-pentanone is also a substrate of reducing 
reaction by the (S) -specific secondary alcohol dehydrogenase. Reference 
2 (H, GROGER, et . al . , Tetrahedron (2004 . 01 . 12) , Vol .60, No . 3 , p . 633-640) 
describes a process for producing (S) -alcohol by reducing a ketone with 
the use of recombinant (S) -alcohol dehydrogenase obtained from E. coli 
transformed by (S) -alcohol dehydrogenase gene derived from Rhodococcus 
erythropolis, and that 2-hexanone is an especially suitable substrate 
in the reducing reaction, and that the opt ical purity of obtained (S) -alcohol 
is higher than 99% ee . Reference 3 (W, HUMMEL, et . al . , Adv. Synth. Catal . 

(2003) , Vol.34 5, No. 1 + 2, p. 153-15 9: Erratum in Adv. Synth. Catal. (2003) , 
Vol.345, No. 3, A35) describes a process for synthesizing an optically 
active (S ) -2 -hexanol of 99% ee . optical purity by performing a reducing 
reaction of ketone with the use of (S) -alcohol dehydrogenase derived from 
R. erythropolis through expression in E. coli. Thus, the above common 
matter falls within the category of prior art, and the "producing 

(S) -2-pentanol and (S) -2-hexanol with high optical purity by causing a 
product of crude purification or purification of a carbonyl reductase 
fraction obtained from the microbe or transformed cells to act on 2-pentanone 
and 2-hexanone , respectively" cannot be stated as being a "special technical 
feature" within the meaning of PCT Rule 13.2. 

Therefore, it appears that the inventions of claims 1-6 and 11-15 consist 
of two invention groups consisting of the invention of claims 1-6 and 
the invention of claim 11-15. 

Moreover, as described in the references 1 to 3, production of 

(S) -2 -pentanol and (S) -2-hexanol by causing a reductase obtained from 
a microbe or a reductase obtained from transformant through expression 
of DNA coding for the reductase to act on 2-pentanone and 2-hexanone, 
respectively is publicly known. In particular, the references 2 and 3 
describe a process for producing (S) -2-hexanol with the use of reductase 
obtained from a microbe belonging to the genus Rhodococcus. Therefore, 
the process for producing (S) -2 -pentanol or (S) -2-hexanol with the use 
of a microbe belonging to the genus Brettanomyces , genus Candida, genus 
Hortia. . . (shortened) . . . genus Rhodococcus, claimed in claims 3-5 cannot 
be stated as being a group of inventions linked with each other so as 
to forma single general inventive concept, and it appears that the relevant 
invent ion group consists of 16 inventions relating to 16 different microbes , 
respectively. 
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